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Abstract 
 
There have been numerous studies to identify the characteristics that help a community 
withstand a natural disaster and then bounce back. The term “community resilience” is used to 
describe collectively these characteristics, which can be categorized as social, economic, 
institutional and infrastructure resilience, and community capital. These characteristics have been 
described in qualitative terms, but assigning a numeric value that can be readily measured and 
tracked over time is very difficult. The Disaster Resilience of Place (DROP) (Cutter et al., 2008, 
2010) model was developed specifically as a tool to provide a numeric measure of community 
characteristics that support resilience. The model uses measurable variables as proxies for 
resilience that are readily available from public sources. These measures are combined to form a 
composite index of resilience or Baseline Resilience Indicator for Communities (BRIC) (Cutter 
et al., 2014, 2016).  
This model was adopted for use in a pilot study of two Midwestern counties. The resilience 
index was computed for each county for three points in time: 1990, 2000, and 2010. Case studies 
of the counties were prepared by documenting the natural disasters that occurred and the 
community actions that were taken during this time period. The efficacy of the variables used to 
compute the resilience index were reviewed in the context of the case studies. The resilience 
index over time was consistent with the communities’ disaster experience and actions to reduce 
risk. This project will demonstrate how the resilience index and changes in the index over time 
can be a starting point for assessments. The variables that compose the index serve as a list of 
talking points for a community to examine their resilience profile and direct resources to improve 
resilience. The resilience index could ultimately be an addition to hazard mitigation planning.  
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Organization of Report 
This report has three distinct sections, each may be read independently of the others. Together they 
provide the background on community resilience and the application of a metric to track community 
resilience over time.  
The first section provides background information on the costs of natural disasters, federal programs 
and funding opportunities. Community resilience is discussed and defined in terms of the project 
objectives. The community resilience index selected for application in the project is described in detail. 
The section concludes with observations about the application of the community resilience index to 
measure change in community resilience over time.  
The second and third sections are case studies of LaSalle County, Illinois, and Kenosha County, 
Wisconsin. Topics covered include disaster experience, federal disaster and mitigation program funding 
received, as well as community actions taken that are expected to reduce exposure to natural disasters.  
The storyline of the community is examined in the context of the community resilience index, which is 
calculated for three points in time: 1990 (baseline), 2000 and 2010.  These two sections are independent 
of each other and may be read as standalone reports.  
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Section 1. Pursuing Community Resilience Over Time Project Overview  
Natural disasters occur every year in the United States, and the costs of natural disasters have been 
steadily increasing as illustrated by Figure 1.1. While the true total costs of natural disasters are not fully 
accounted for, and most likely are underestimated, the cost of disaster assistance from the federal 
government can be documented and used as an indicator to compare costs between extreme events. It is 
important to note that only large events are captured by declared disasters while smaller and localized 
events are not. The Federal Emergency Management Agency (FEMA) administers a number of programs 
that provide this disaster assistance as well as mitigation funding to communities. Communities apply to 
the federal government for the assistance, and it is important to note that planning and decision-making 
occurs at the community level. Communities that plan and invest in measures that increase their resilience 
to natural disasters will reduce future natural disaster costs.  
Understanding that community leaders and stakeholders are the decision makers, one goal of this 
study is to provide decision makers with qualitative, quantitative, and persuasive information about the 
costs of natural disasters to the community and measures that increase resilience. This first goal is 
accomplished through community case studies that provide information on best practices to reduce 
natural disaster risk and increase resilience.  
The second goal of the project is to use an index to measure community resilience over time, assess 
the index’s ability to provide a relevant measure of community resilience, and evaluate specific measures 
used to compute the index and possible alternative variables. Considerable research has been performed 
on disaster resilience, community resilience in particular, as well as the development of various measures 
to capture the specific components of community resilience.  
The Disaster Resilience of Place (DROP) model (Cutter et al., 2008, 2010) was selected for this study. 
The DROP model uses measurable variables as proxies for resilience that are readily available from 
public sources. These measures are combined to form a composite index of resilience or Baseline 
Resilience Indicator for Communities (BRIC) (Cutter et al., 2014, 2016). The DROP model includes 
measures of social, economic, institutional, and infrastructure resilience as well as community capital and 
environmental resilience. Resiliency metrics can be used to track changes in resiliency and develop 
comparisons. Indices such as BRIC, which provide a community resiliency baseline, go beyond 
economic measures by incorporating additional aspects of a community that have been demonstrated to 
influence resilience, providing a well-rounded assessment. This investigation includes computation of the 
BRIC index at three points in time (1990, 2000, and 2010) for the two counties that are the subject of the 
companion case studies. This provides a context in which to frame natural disasters that occurred and the 
community actions that were taken.  
Communities from the same FEMA region were selected for this study to minimize differences in 
types of disasters and differences between FEMA regional management and priorities. Initially, 
communities in FEMA Region 5 were selected for study. FEMA Region 5 comprises six states as shown 
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in Figure 1.2. Illinois and Wisconsin have similar statewide floodplain management policies and vested 
interest in disaster loss reduction as do Indiana, Michigan, and Minnesota. Ohio does not have statewide 
regulations. In a study of the contiguous United States, the BRIC index was computed to compare a 
baseline of resiliency across geographies (Cutter et al., 2014). The Cutter et al. report states “Regionally, 
the Midwest had the highest resilience index values (scores>3.7) centered in Iowa and southern 
Minnesota counties, and extending north into the eastern Dakotas and southwest into Nebraska. Other 
areas with high values are in eastern Wisconsin, central Illinois, and northwestern Ohio.” The Midwest is 
likely to have examples of positive trends in resilience, where case studies may be performed that will 
encourage resilient action. The two initial case studies focused on LaSalle County, Illinois and Kenosha 
County, Wisconsin (see Figure 1.2).  
LaSalle County, Illinois and Kenosha County, Wisconsin have both experienced numerous natural 
disasters, and communities have taken proactive mitigation measures to reduce their risks in each place. 
The case study of LaSalle County, with special focus on the City of Ottawa, and the case study of 
Kenosha County, with special focus on the Towns of Salem and Wheatland and the Village of Silver 
Lake, provide examples of best practices to reduce risk and enhance overall community resilience. These 
case studies examine the disasters experienced since 1990, disaster and mitigation expenditures, 
community actions and measures of community resilience.  
 
 
 
Figure 1.1. National Oceanic and Atmospheric Administration (NOAA) National Centers for 
Environmental Information (NCEI) U.S. Billion-Dollar Weather and Climate Disasters (2017). 
(https://www.ncdc.noaa.gov/billions/ accessed 09/18/2017) 
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Figure 1.2. FEMA Region 5 States Project Goals and Objectives 
This study examines community resilience over time and multiple disaster experiences. The 
overarching objective is to build the case for investment in actions that increase a community’s resilience 
to natural disasters and thereby reduce disaster costs. Examples of how communities can increase their 
resilience will support decisions to dedicate resources at the local, state, and federal level. One approach 
to addressing this investigative goal is preparation of case studies to show actions communities have 
taken after disasters and link them to increased resilience using a resilience metric and to losses avoided 
by mitigation action. Another goal is exploration of the individual variables used to compute the 
resilience metric, using the case studies to validate measures or recommend alternatives. Ultimately, this 
work will contribute to the development of a reliable and meaningful resilience metric that can be used as 
a comparative tool to focus resilience-building resources where most needed and effective.  Study Area 
Natural disasters vary across geographies, and responses vary depending on community structure and 
resources. The geography of the study area is the six states that comprise FEMA Region 5, namely 
Illinois, Indiana, Minnesota, Michigan and Wisconsin. Natural disasters experienced most frequently by 
these states are floods, tornadoes and high winds, and severe winter storms. The study considers resilience 
at the scale of counties and is based on case studies for communities within the county. Countywide 
populations are under 200,000 and have a mix of urban and rural land use.   
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Definitions 
 Community 
The term community has multiple definitions, with eleven listings found in the Merriam-Webster 
Dictionary (https://www.merriam-webster.com/dictionary/community). FEMA defines the term 
community as “A political entity that has the authority to adopt and enforce floodplain ordinances for the 
area under its jurisdiction” (https://www.fema.gov/national-flood-insurance-program/definitions#C). 
 The FEMA definition serves the purpose of this study because essentially it conveys that a 
community has the authority to make decisions. Under this definition, an incorporated area such as a city 
or village is considered a community as is the unincorporated area of a county. 
 Community Resilience and Metrics 
Community resilience has many working definitions. Exploration of notable sources such as the 
Presidential Policy Directive, the National Research Council, and the American Society of Civil 
Engineers Committee on Critical Infrastructure reveals seven definitions of resiliency (Ayyub, 2014). In a 
2013 report, Definitions of Community Resilience: An Analysis, published by the Community and 
Regional Resilience Institute (CARRI), forty-six definitions are listed. Drawing from this research, 
CARRI developed the following definition: “Community Resilience is the capability to anticipate risk, 
limit impact, and bounce back rapidly through survival, adaptability, evolution, and growth in the face of 
turbulent change.” This definition implies that community resilience is a process. The concept of 
resilience is illustrated in Figure 1.3, which is a simplification of a graphic from “Systems Resilience for 
Multihazard Environments: Definition, Metrics, and Valuation for Decision Making” (Ayyub, 2014). 
Given a performance target, system performance may decline over time for various reasons (this is 
characteristic of infrastructure, less so for social capital) and, at some point, receive a shock such as a 
natural disaster. The time to begin recovery from that shock and the trajectory to recovery depend on the 
system’s resilience. Another perspective on disaster resilience comes from the emergency management 
field, which describes natural disasters as part of an ongoing cycle of preparedness, response, recovery, 
and mitigation. In this study, community is the system and natural disasters are the shock. Melding the 
resilience and the disaster cycle framing, a community can prepare for anticipated disasters, work to 
minimize recovery time, learn from the experience, and take action to mitigate. These measures put the 
community on a trajectory for higher performance and improved preparedness, which leads to better 
performance in the face of future natural disasters. 
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Figure 1.3. System Performance Through Time 
 Federal Disaster and Mitigation Funding Overview 
The total costs of natural disasters are not fully accounted for and most likely are underestimated as it 
is difficult to quantify the far-reaching impacts of a natural disaster. Natural disasters impact local 
infrastructure, trade, business, and individuals. Their impacts radiate outwards to other communities, the 
states and the nation. The documentation of costs for any disaster, particularly past disasters, are not 
universally available. However, disaster assistance from the federal government can be documented and 
used as an indicator to compare the relative costs of extreme events. 
 FEMA administers several programs that provide this disaster assistance as well as mitigation funding 
to communities. When a natural disaster occurs, depending on the extent of the damages, there are grades 
of Disaster Declarations at the federal level for which there are predetermined sources and levels of aid 
available through an array of programs. Many of the programs were established under the Robert T. 
Stafford Disaster Relief and Emergency Assistance Act, 42 U.S.C. §§ 5121-5207 (the Stafford Act) §401 
and are administered by FEMA (FEMA, 2017a). The FEMA website serves as a portal with guides 
explaining the types of aid and the application process (https://www.fema.gov/disaster-declaration-
process). The U.S. Small Business Administration (SBA) provides disaster loan assistance for businesses, 
private nonprofits, homeowners and renters when a Presidential or special SBA Agency Disaster is 
declared.  FEMA and SBA offer initial recovery assistance. The U.S. Department of Housing and Urban 
Development (HUD) provides a variety of disaster resources in the form of mortgage insurance and 
special loan servicing. When major disasters occur, Congress may appropriate additional funding for the 
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Community Development Block Grants (CDBG) program as Disaster Recovery grants to rebuild the 
affected areas and bring crucial seed money to stimulate the recovery process. Historically, recipients 
have included states and local governments in places that have been designated by the President as major 
disaster areas. HUD also partners with the federal and state agencies to help implement disaster recovery 
assistance (https://www.hud.gov/info/disasterresources). 
FEMA also manages the National Flood Insurance 
Program (NFIP) (FEMA, 2017b). NFIP insurance is 
available for purchase in communities that participate in 
the NFIP by adopting floodplain management 
ordinances.  
The FEMA Public Assistance (PA) program 
(https://www.fema.gov/public-assistance-local-state-
tribal-and-non-profit) provides aid directed to 
government organizations and certain private non-profit 
organizations following a presidential disaster 
declaration. PA costs typically overshadow other federal 
expenditures for natural disasters. PA may be granted to 
communities for work under seven categories: A) debris 
removal, B) emergency protective measures, C) roads 
and bridges, D) water control facilities, E) buildings and 
equipment, F) utilities, or G) parks, recreational and 
other facilities. Categories C through G represent 
investment in repairs of infrastructure. The disaster 
relief assistance granted depends on the type of disaster 
declaration. Emergency declarations allow grants for 
only category A and B expenditures. The typical grant 
cost-share formula is 75% federal and 25% community. 
The PA data available from FEMA requires 
interpretation in the context of the disaster and the type 
of assistance granted.  
FEMA has oversight of three hazard mitigation assistance programs: the Pre-disaster Mitigation Grant 
Program (PDM), Flood Mitigation Assistance Grant Program (FMA), and the Hazard Mitigation Grant 
Program (HMGP). Based on 2016 funding levels of each program, PDM by far has the lowest level of 
funding at 4%, the FMA program funds account for 14% of assistance, and HMGP, which is driven by 
the costs of disasters, has the highest level of funding accounting for 82% (FEMA, 2017c). 
The PDM is authorized by Section 203 of the Stafford Act and is designed to assist states, U.S. 
territories, federally-recognized tribes, and local communities in implementing a sustained pre-disaster 
natural hazard mitigation program. The goal is to reduce overall risk to the population and structures from 
future hazard events while also reducing reliance on federal funding in future disasters. This program 
 
FEMA Disaster Page Definitions 
(https://www.fema.gov/disaster-page-
definitions) 
Public Assistance (PA): Disaster grant 
assistance available for communities to 
quickly respond to and recover from 
major disasters or emergencies declared 
by the President. 
• Emergency Work (Categories A-B): 
Work that must be performed to 
reduce or eliminate an immediate 
threat to life, protect public health and 
safety, and to protect improved 
property that is significantly 
threatened due to disasters or 
emergencies declared by the President. 
• Permanent Work (Categories C-G): 
Work that is required to restore a 
damaged facility, through repair or 
restoration, to its pre-disaster design, 
function, and capacity in accordance 
with applicable codes and standards. 
Last Updated: 07/08/2017 - 11:38 
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awards planning and project grants and provides opportunities for raising public awareness about 
reducing future losses before disaster strikes (FEMA, 2017d). 
The FMA “is authorized by Section 1366 of the National Flood Insurance Act of 1968, as amended, 
with the goal of reducing or eliminating claims under the NFIP. FMA provides funding to states, 
territories, federally-recognized tribes and local communities for projects and planning that reduces or 
eliminates long-term risk of flood damage to structures insured under the NFIP” (FEMA, 2017e). This 
fund is administered by FEMA and depends on annual Congressional appropriations.  
HMGP supports post-disaster projects that meet a cost-benefit standard. This program is authorized 
under Section 404 of the Stafford Act. The purpose of this program is to provide cost shared funding to 
communities to implement mitigation projects after a Presidential Major Disaster Declaration. The level 
of funding is based on the declared disaster cost. These funds are not available unless the state has 
experienced a disaster and may be limited to those counties declared (FEMA, 2017c).  
The State Hazard Mitigation Officer (SHMO) is the point of contact for HMA, HMGP, and PDM. 
They work directly with communities to identify mitigation actions, develop plans, and submit proposals 
for federal funding.  Community Resilience Metric Discussion and Review 
Community characteristics that underpin resilience have been the subject of considerable study as 
discussed in the workshop report by the National Academies of Sciences, Engineering and Medicine 
(2017). Common themes on community resilience acknowledge that community resilience depends on 
not only economic and infrastructure resilience, but also on social, institutional, and community 
capacities.  In addition, resilience is often viewed from the perspective of a discipline or interest (Hosseini 
et al., 2016). Engineers may emphasize the resilience of infrastructure or systems with the objective 
performance (Ayyub, 2014), business interests may focus on impacts to supply and distribution networks 
and time to recovery (Rose and Krausmann, 2013), social scientists may look at the impact on individual 
or community emotional states and ability to cope (Norris et al., 2011).   
A qualitative description of the characteristics of resilience is a starting place; however, the evaluation, 
comparison, and identification of strengths and weaknesses requires some sort of tool. The adopted or 
working definition of resilience and the type of assessment tool that will be most useful depends on the 
community resilience study objective. Norris et al. (2008) identifies economic development, social 
capital, information and communication and community competence and initiates a discussion of 
measurable variables that would serve as indicators of community capacity for resilience (Norris et al., 
2011). A well-developed discussion of potential measurable variables is provided by Sherrieb et al. 
(2010) as part of identifying “existing capacities that may predict a community’s ability to “bounce back” 
from disasters.” Identifying measurable variables that can be tracked and compared has been the subject 
of investigations leading to various tools, checklists, and metrics, with at least twenty-seven different 
resilience assessment tools, scorecards and indices (Cutter, 2016).   
Several indices have been explored in various locales.  A Community Resilience Index (Sherrieb et al., 
2010) was demonstrated for counties in Mississippi using factors to compute a relative score for 
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community Economic Development and Social Capital, which combined to form the Community 
Resilience Index. In a similar effort, The Rockefeller Foundation has supported the development of the 
City Resilience Index (Bhoite et al., 2014), which recognizes that a city’s resilience depends on its 
physical assets as well as its policies, social capital, and institutions. The City Resilience Index is based 
on four key dimensions: health and well-being, economy and society, infrastructure and environment, and 
leadership and strategy.  
The DROP model (Cutter et al., 2008) uses measurable variables as proxies for resilience that are 
readily available from public sources. Specific variables used in the 2010 DROP model (Cutter et al., 
2010) differ slightly from later applications (Cutter et al., 2014, 2016). The variables used in the latter two 
studies are the same. The rationale for each variable selected is noted (Cutter et al., 2010) and many are 
from the work of Norris et al. (2008) and are similar to those discussed by Sherrieb et al. (2010).  These 
measures are combined to form a composite index of resilience or Baseline Resilience Indicators for 
Communities (BRIC), which provides a reference point or baseline for examining the current status of 
inherent resilience at the county level. The DROP model includes measures of community capital, social, 
economic, institutional, and infrastructure resilience and later iterations include environmental 
considerations. The specific variables used have been evaluated for relevance in a case study of the 
Mississippi coastal counties of Hancock, Harrison and Jackson. The DROP model was used to compare 
resilience for 736 communities within FEMA Region 4 (Cutter et al., 2010) and was applied to evaluate 
resilience indices nationwide (Cutter et al., 2014).   
The DROP model (Cutter et al., 2008) was selected for use in this study. This study examines 
community resilience over time, specifically 1990 to present, hence the metric must be determined from 
data that are preserved and discoverable. In the interest of future applications, the metric must be 
efficiently and readily calculated across a large sample to allow tracking resilience over time for a large 
geography without prohibitive expense. The intent is to use the metric to identify communities that may 
be less resilient and warrant more in-depth examination at the community level to improve resilience. An 
in-depth review of communities that appear to have lower resilience could be coupled with community 
risk assessments to focus resources. The case studies provide background to assess the efficacy of the 
individual variables used to compute the resilience metric. Alternative formulations were examined, with 
a focus on using only consistently available data to allow for application in other locations. The 
environmental variables are not included in this study as data were not readily available for the past years.  
A meaningful resilience metric will have linkage to measurable performance.    
In nearly all cases, the DROP model variables are constructed so that increasing value indicates a 
positive impact on resilience. However, there are some exceptions in the original formulation of DROP 
model variables. In cases when a higher value implies less resilience, the inverse of the value is used so 
that larger values indicate greater positive impact. Or, when the variable is a percentage, the variable is 
represented as the difference from 100%. The previous applications used the DROP model to capture a 
snapshot in time of resilience measures across a large sample of geographies (hundreds of counties). The 
numerical value of each parameter was normalized using the large sample of values, scaling from 0 to 1. 
In the current study, the comparison is longitudinal, examining the resilience of a place over time. The 
sample size for each variable consists of the three measurement years (1990, 2000, 2010), with three 
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values of each variable. The values of each variable were normalized using 0 for the lowest value, 1 for 
the highest value, and the normalized mid-value was linearly scaled. This process diminishes the 
confidence in the magnitude of normalized values, making the year-to-year comparisons more qualitative 
than quantitative.  
Ideally, the data sources would remain consistent across the years. This was not the case. The majority 
of the variables’ values depend on data from the U.S. Census or derived products. The collection of 
census data has changed dramatically between 1990, 2000, and 2010. The DROP model variables were 
primarily constructed using data from the 2000 U.S. Census. Between the 1990 and the 2000 decennial 
census, some parameter definitions were changed and tabular data differs. However, using a tool called 
the “data ferret” (https://dataferrett.census.gov/), specific information from the 1990 census could be 
retrieved. Several variables use information compiled and summarized in the USA Counties database. 
The U.S. Census Bureau terminated its support for the USA Counties database 
(https://www.census.gov/support/USACdataDownloads.html#WTN), and access to data for 2010 or later 
requires searching source files. Furthermore, details collected in the 2000 U.S. Census survey using what 
was called the long form were not collected during the 2010 survey. The current U.S. Census alternative 
to collecting the detail data nationwide is the American Community Survey 
(https://www.census.gov/programs-surveys/acs/) which is an ongoing yearly survey of a sample drawn 
from the population each year. Estimates for the nation are made at one-, three- and five-year intervals. 
The change in format between years required multiple search techniques and careful examination of data 
details to ensure consistency. The manual effort was greater than originally anticipated and required 
reframing or dropping some variables.  
In the following sections, the variables from the 2010 DROP model, the 2014/2016 DROP model and 
the final list of variables used for this study are examined with regard to data availability, applicability, 
and suggested alternatives. The plan for this study was to use the 2010 DROP model variables since the 
data to compute them were overall consistently retrievable. In some cases, the later formulation of the 
variable was adopted. Time did not allow for exploration of many of the variables introduced in the 
2014/2016 DROP model.  The sections following correspond to the categories of variables, which include 
social, economic, institutional, infrastructure and community capital resilience variables. The variables 
used to measure resilience given in the prior studies using the DROP model (Cutter et al. 2010, 2014, 
2016) are listed in Tables 1.1a, b, c, d, and e. The current study source for the variable value is listed in 
the last column. Unless otherwise noted, data from the U.S. Census were extracted from the decennial 
census. 
 Social Resilience 
Social resilience is characterized by the population of the subject area in terms of education, age, 
special needs, and health and human services available to support the population. Generally, the data 
needed to compute the variables were readily discoverable from the U.S. Census data and data products 
(see Table 1.1a). The variables for mental health support and food provisioning could be added for studies 
going forward. 
Page | 11  
 
Table 1.1a. Social Resilience Variables 
Variable Name Variable 
2010 
DROP 
2014/ 
2016 
DROP 
Current 
Study Source 
Educational 
equity 
Ratio of the percent 
population with 
college education to 
the percent population 
with no high school 
diploma 
x x x U.S. Census  
Educational 
attainment 
equality 
Negative absolute 
difference between 
percent population 
with college education 
and percent population 
with less than high 
school education 
 x  Not explored 
Age Percent population under 65 x x x U.S. Census 
Transportation 
access 
Percent population 
with a vehicle x x x U.S. Census 
Communication 
capacity 
Percent population 
with a telephone x x x U.S. Census 
Language 
competency 
Percent population not 
speaking English as a 
second language 
x x x U.S. Census 
Special needs 
Percent population 
without a sensory, 
physical, or mental 
disability 
x x x U.S. Census 
Health coverage 
Percent population 
with health insurance 
coverage 
x x x 
2010 - U.S. Census 
2000 - USA Counties 
1990 - estimated using 
national average of 
insured under age 65 
Mental health 
support 
Psychosocial support 
facilities per 10,000 
persons  
 x  Not readily available for all years 
Food 
provisioning 
capacity 
Food insecurity rate  x  Not readily available for all years 
Physician access  Number of physicians per 10,000 population  x x 
County Business 
Patterns (U.S. Census)   
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Economic Resilience 
Economic resilience is characterized by real property ownership, income, employment sectors, equity, 
and business types. Generally, the data needed to compute the variables were readily discoverable from 
the U.S. Census data and data products (see Table 1.1b). The employment sector variables Single sector 
employment dependence (2010 DROP model) and Non-dependence on primary/tourism sectors are 
formulated to show a positive effect on resilience for a small percent employment in the farming, fishing, 
forestry, extractive and tourism industries. In the Midwestern United States, while much of the land may 
be in agricultural use, the number employed in this sector is a very low percentage of the population. 
However, employment of a significant percentage of the community population by large factories or 
companies indicates a lack of economic diversity, which would reduce resilience (Rose and Krausmann, 
2013). In other words, a disaster could impact a large employer and have a large negative impact on 
community recovery. A substitute variable was formulated using the three largest industries in each 
county. The substituted variable is the percent of the population not employed in the three largest 
industries, a large value indicating a positive influence. A low value of this variable serves as a flag to a 
community where resilience could be improved by thoughtful disaster planning for the local major 
employer.  
Table 1.1b. Economic Resilience Variables 
Variable Name Variable 
2010 
DROP 
 2014/ 
2016 
DROP 
Current 
Study Source 
Housing capital Percent homeownership x x x U.S. Census 
Employment Percent employed x x x U.S. Census 
Income and equality 1 minus Gini coefficient x x x U.S. Census 
Single sector 
employment 
dependence 
Percent population not 
employed in farming, 
fishing, forestry, and 
extractive industries 
x x 
Reframed: 
percent 
population 
not employed 
in the three 
largest 
industries 
U.S. Census 
Non-dependence on 
primary/tourism 
sectors 
Percent of employees 
not in farming, fishing, 
forestry, extractive 
industry, or tourism  
 x  U.S. Census 
Employment Percent female labor 
force participation 
x x x U.S. Census 
Gender income 
equality  
Negative absolute 
difference between male 
and female median 
income 
 x  U.S. Census 
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Variable Name Variable 
2010 
DROP 
 2014/ 
2016 
DROP 
Current 
Study Source 
Business size Ratio of large to small 
businesses 
x   County Business Patterns 
(U.S. Census) 
Business size Ratio of large (>100) to 
small (<10) businesses 
 x x County Business Patterns 
(U.S. Census) 
Large retail-regional 
/ national geographic 
distribution  
Large retail stores per 
10,000 persons 
 
x x County Business Patterns 
(U.S. Census) 
Federal employment 
Percent of labor force 
employed by federal 
government 
 
x x U.S. Census and U.S. 
Bureau of Labor Statistics 
  Institutional Resilience  
This category captures information about prior disaster experience, mitigation, insurance and 
investment by communities in actions that would reduce risk and assist with emergency management 
and/or proximity to emergency management resources. The variables used to characterize institutional 
resilience underwent considerable revision between the 2010 DROP and the 2014/2016 DROP models 
(see Table 1.1c). The following discussions review the themes of the category and the variables used.  
Mitigation:  
Hazard Mitigation Plans, Mitigation Spending, Municipal Services, Community Rating System 
Community mitigation actions include but are far from limited to: adopting higher standards for 
floodplain management and building codes, planning, elevating or buying and removing high flood risk 
structures, increasing community awareness, and investing in training.  Mitigation actions clearly increase 
resilience. The skill of the proposed variables in capturing a comparative measure is examined herein for 
each variable used in both versions of the DROP model and an alternative measure is discussed.  
Mitigation planning is a pillar of the FEMA Flood Hazard Mitigation Program. The Disaster 
Mitigation Action of 2000 (DMA 2000) mandated communities to have a FEMA-approved mitigation 
plan in place for mitigation funding eligibility (PDM, FMA, HMGP, and PA – categories C-G; see 
https://www.fema.gov/hazard-mitigation-plan-requirement).  While most communities did not have a 
mitigation plan in place in 1990 or even 2000, there had been a surge of community and countywide 
approved FEMA plans by 2010. The DROP model variable is formulated as the percent population 
covered by a recent hazard mitigation plan. In a longitudinal study, this may appear as a significant jump 
in institutional resilience post 2000. To some extent, the increase in resilience is justifiable as the 
mitigation planning process necessary for FEMA approval does take a community through a process to 
identify their natural disaster risk and consider mitigation actions. This learning experience will diminish 
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over time, unless communities comply with required periodic updates to their plans. Going forward in 
time, this measure will be an indication of the community’s awareness and continued commitment.  
Percent of population participating in the FEMA Community Rating System (CRS) used in the 2010 
DROP model was not carried forward in the later variable lists. As of October 1, 2015 there were 1,368 
participating communities, with at least one in each state (https://www.fema.gov/media-library-
data/1445271112005-260161604f6df628e6998e1eecb597ee/CRS_Oct-2015-Data.pdf). One outstanding 
component of the CRS program is that it encourages the adoption of higher standards for floodplain 
management. The CRS program has the greatest payback (lower flood insurance premiums) in 
communities where there are a large number of policy holders. There are numerous categories of 
activities a community can perform to earn CRS credits.  
A more universal resilience measure could be formulated based on the standards a community has 
adopted, such as building codes, zoning, and floodplain management. Some states have adopted 
floodplain management standards more stringent than the national requirements and some states have 
adopted statewide building codes. In cross nation comparisons, the adoption of higher standards may be a 
useful alternative measure.     
Ten-year average per capita mitigation spending is introduced as a variable in the 2014/2016 DROP 
model. Mitigation project spending has a number of nuances, and the source and availability of funds has 
a distinct impact on individual community spending levels. Considering mitigation projects that have 
federal investment, FEMA PDM, FMA, HMGP and PA (categories C - G) mitigation grants typically 
provide federal funding match of 75%, with the local 25% match coming from the state, the community, 
or other non-federal program sources. However, the actual level of spending by the community is not 
readily known as the state or other entity may provide the non-federal match. Furthermore, HMGP funds 
account for 82% of federal mitigation spending, and it is critical to realize that these funds are only 
available after a presidentially declared disaster to only those communities included in the declaration. 
Qualification for this funding has criteria for population; cost and the extent of the uninsured losses must 
be 40% or more of the losses. The level of funding is proportional to the cost of the disaster. Spending on 
mitigation projects at the community level will be a function of a presidential disaster declaration, which 
sets the availability of federal funds. Such spending will diminish as a community builds resilience, 
resulting in fewer declared disasters. Thus, in the short run, or for a snapshot in time, mitigation spending 
is an indication that the community is reducing natural hazard exposure. However, as a community 
reduces its exposure, mitigation spending is not a clear indicator over time.  
A community’s changing natural hazard risk can be quantified by a natural hazard individual structure 
risk assessment. Such an assessment provides estimates of the damages and cost of an event such as a 
flood or earthquake. The exposure may be expressed as the cost for a given frequency event (e.g. 1% 
annual chance event in the case of flooding) or as an average annualized loss. The FEMA Hazus (2017f) 
program is commonly used for these analyses. The precision of the estimates is dependent upon the 
precision and quality of the input data. While not required for a FEMA Natural Hazard Mitigation Plan 
(NHMP), it is becoming increasingly common for communities to use planning funds for the risk 
assessment. Performing the analyses for each NHMP update would document trends in the community’s 
exposure to natural hazard damages.  
Page | 15  
 
Municipal services expressed as the percent municipal expenditures for fire, police, and EMS was 
used in the 2010 DROP model but not listed for the later versions. This measure was readily available 
from the USA Counties database; however, as that database is no longer supported, considerable effort 
and exploration may be needed to find current values. The municipal expenditures in LaSalle and 
Kenosha Counties were researched and this measure used in the metric calculation; however, until a ready 
data source is identified, the value of the measure may not justify the time to extract the data.  
Flood Insurance 
Flood insurance coverage through the NFIP is the primary option for residential and small business 
coverage. The formulation of the variable “flood coverage” as “the number of housing units covered by 
NFIP policies” would be a good indicator if the number of insurable buildings in 1% and 0.2% annual 
chance areas of inundation (i.e., the floodplain) were taken into consideration. Using the formulation 
proposed, a large community (numerous housing units) with minimal floodplain acreage would score 
poorly compared to a smaller community (fewer housing units) that encompasses considerable floodplain 
acreage and multiple policy holders. It is possible in the near future that the number of structures in the 
identified floodplain could be determined at a large scale using digital mapping and geospatial tools. 
When this information is available, a measure of the number of policies in place divided by the number of 
structures in the floodplain, normalized by the total number of housing units, would provide an indicator 
of resilience through insurance.  
There is often a surge of flood insurance policy purchases after a flood event (a requirement for some 
assistance), but the true test is if those policies are renewed. Trends in policy coverage are examined in 
the case studies. As the extent of the identified floodplain has not changed dramatically for the study 
areas, for this study the variable used was the number of NFIP policies in place for the benchmark year. 
Comments on Remaining Variables  
Political fragmentation (a.k.a., jurisdictional coordination) did not change for the two counties over 
time, thus it was not included in the metric calculation.  
Previous disasters experienced (2010 DROP), expressed as the number of paid disaster declarations, 
was used as a variable in the metric calculation for this study rather than the later formulation of the 
disaster aid experience expressed as the number of presidential declarations divided by the number of 
loss-causing hazard events for a ten-year period. 
Information on Citizen Corps programs and Storm Ready communities was readily obtained from the 
organization websites and used to compute this metric.  
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Table 1.1c. Institutional Resilience Variables 
Variable Name Variable 
2010 
DROP 
2014 / 
2016 
DROP 
Current 
Study Source 
Mitigation 
Percent population 
covered by a recent 
hazard mitigation plan 
x x x FEMA approved mitigation plans  
Mitigation 
Spending  
Ten-year average per 
capita spending for 
mitigation projects 
 x  See discussion 
Flood insurance 
coverage 
Percent housing units 
covered by NFIP 
policies 
x x 
Reframed: 
number of 
policies in 
place, see 
discussion 
FEMA, Regional Office 
(policies in place) 
Municipal services 
Percent municipal 
expenditures for fire, 
police, and EMS 
x  x 
1990 USA Counties 
2000 and 2010 Annual 
Reports submitted to state 
comptroller or treasurer 
Mitigation Percent population participating in CRS x  x FEMA CRS website 
Political 
fragmentation 
Number of 
governments and 
special districts 
x   See discussion  
Jurisdictional 
coordination  
Governments and 
special districts per 
10K persons  
 x  See discussion 
Previous disaster 
experience 
Number of paid 
disaster declarations x  x FEMA 
Disaster aid 
experience 
Presidential disaster 
declarations divided 
by number of loss-
causing hazard events 
from 2000-2009 
 x  FEMA 
Mitigation and 
social connectivity 
(local disaster 
training) 
Percent population 
covered by Citizen 
Corps programs 
x x x 
Citizen Corps 
https://www.ready.gov/cit
izen-corps 
Mitigation 
Percent population in 
Storm Ready 
communities 
x  x 
NOAA, National Weather 
Service 
https://www.weather.gov/
stormready/ 
Page | 17  
 
Variable Name Variable 
2010 
DROP 
2014 / 
2016 
DROP 
Current 
Study Source 
Performance 
regimes – state 
capital  
Proximity of county 
seat to state capital  x  Not explored 
Performance 
regimes – nearest 
metro area 
Proximity of county 
seat to nearest county 
seat within a 
Metropolitan 
Statistical Area 
 x  Not explored 
Population stability 
Population change 
over previous five-
year period 
 x  Not explored 
Nuclear plant 
accident planning 
Percent of population 
within ten miles of 
nuclear power plant 
 x  Not explored 
Crop insurance 
coverage 
Crop insurance 
policies / square mile  x  Not explored  Infrastructure Resilience 
The variables used in the infrastructure resilience category include housing durability, sheltering 
capacity, evacuation capability and medical support.  The variables are indicators of the community’s 
ability to provide critical support of the population in the aftermath of a disaster, but they are not strong 
indicators of long-term recovery. The number of hospital beds, while an extremely important indicator, 
could not be verified for past years (1990 and 2000); thus, it could not be included in the longitudinal 
study. Evacuation routes are clearly a very important aspect of emergency management and can be readily 
determined using various spatial data sources; however, for this study, the change over time could not be 
verified.  The number of schools available for short-term shelter and for common information sharing and 
meeting capacity are important for recovery in the short-term and potentially the long-term support 
serving as community centers. However, the classification of education facilities has apparently evolved 
over the decades, and a number of educational facilities in reported County Business Patterns (1993, 
2000, and 2010) could not be reconciled with online searches for existing facilities. Access to high-speed 
internet will be a key recovery tool going forward; however, availability in 1990 and 2000 cannot be 
readily verified for use in this study. 
The housing age in the DROP model is expressed as the percent housing units built between 1970 and 
1994. The Report for the Illinois Urban Flooding Awareness Act (IDNR, 2015) reported that, in Illinois, 
structures built between 1950 and 1979 represented the majority of private and NFIP flooding claims as 
shown in Figure 1.4 (after IDNR, 2015). The variable was reformulated as the percent of structures not 
built between 1950 and 1979. 
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Figure 1.4. Percentage of Private and NFIP Claims and Urban Properties with Correlation to the Decade in 
which the Corresponding Properties were Built (after IDNR, 2015). 
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Table 1.1d. Infrastructure Resilience Variables 
Variable Name Variable 
2010 
DROP 
 2014/ 
2016 
DROP 
Current 
Study Source 
Housing type 
Percent housing units 
that are not mobile 
homes 
x x x U.S. Census 
Shelter capacity Percent vacant rental units x x x U.S. Census 
Medical capacity Number of hospital beds per 10,000 population x x  See discussion 
Access/evacuation 
potential 
Principle arterial miles 
per square mile x   See discussion 
Evacuation routes  
Number of major roads 
that cross a county 
boundary per 10K 
persons 
 x  See discussion  
Housing age 
Percent housing units 
not built before 1970 
and after 1994 
x x 
Reframed, 
see 
discussion 
U.S. Census 
Sheltering needs Number of hotels/motels per square mile x   
Used 2014/2016 
DROP model 
variable 
Temporary shelter 
availability  
Hotels/motels per 10K 
persons  x x 
County Business 
Patterns (U.S. 
Census) 
Recovery Number of public schools per square mile x    
School restoration  Public schools per 10K persons  x  See discussion 
Industrial resupply 
potential  
Rail miles per square 
mile  x  Not explored 
High-speed internet 
infrastructure 
Percent population with 
access to broadband 
internet service 
 x  See discussion  
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Community Capital  
Variables used to assess community capital attempt to capture the level of citizen involvement and 
commitment to place. The variables are formulated to indicate that the greater percent of the population 
residing in the community that originated from the vicinity, the stronger the resilience. The measures of 
community capital, advocacy organizations, Red Cross volunteers, and Red Cross training workshop 
participation were not available for all years so they could not be included. Citizen disaster preparedness 
is clearly an important aspect of emergency management and recovery. There are many educational 
avenues to educate and train citizens; however, access to data will vary. A national program such as the 
Red Cross provides a ready indicator for this resource.  
Voter participation is a surrogate for individual involvement in the community. It is presented as the 
percent voter participation in the presidential election in the DROP model. Voter participation tends to 
peak in years when there is a presidential election as illustrated in Figure 1.5. Since 1990 and 2010 were 
not presidential election years, the immediate prior presidential year vote count was used, divided by the 
population eligible to vote (population over 18).  
 
 
 
Figure 1.5. Percent Registered Voter Ballots Cast in LaSalle County.  
Red indicates a presidential election year.  
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Table 1.1e. Community Capital Variables 
Variable name Variable 
2010 
DROP 
 2014 / 
2016 
DROP 
Current 
Study Source 
Place attachment 
Net international 
migration x   U.S. Census 
Place attachment – 
recent immigrants 
Percent of population 
not foreign-born 
persons who came to 
United States within 
previous five years 
 x x U.S. Census 
Place attachment 
Percent population 
born in the state x x x U.S. Census 
Political 
engagement 
Percent voter 
participation in the 
presidential election 
x x 
Reframed, 
see 
discussion 
U.S. Census; LaSalle 
County Clerk; Dave 
Leip's Atlas of the 
U.S. Presidential 
Elections website 
Social capital –
religion 
Number of religious 
adherents per 10,000 
population 
x x x 
Assn. of Religion 
Data Archives 
Social capital – 
civic involvement 
Number of civic 
organizations per 
10,000 population 
x x x 
County Business 
Patterns (U.S. 
Census) 
Social capital – 
advocacy 
Number of social 
advocacy 
organizations per 
10,000 population 
x  See discussion 
 
Social capital – 
disaster 
volunteerism  
Red Cross volunteers 
per 10,000 persons  x 
See 
discussion 
 
Citizen disaster 
preparedness and 
response skills 
Red Cross training 
workshop 
participants per 
10,000 persons 
 x See discussion 
 
Innovation 
Percent population 
employed in creative 
class occupations 
x  See discussion 
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Summary  
This study was designed such that a resilience variable must be readily available, public data. The 
strengths of using readily available data include comparability across geographies and across time as well 
as relatively low cost to compile the information. The weakness of this approach is there are many facets 
of community resilience that cannot be captured, such as water and power supply vulnerability, 
emergency evacuation planning, the breadth of citizen disaster preparedness and training, and actual 
short-term housing capacity. There will always be measures that more specifically capture the resilience 
attribute; however, the investment necessary to acquire the data to compute the metric and the purpose of 
the study will influence the choices. Data were retrievable to compute most of the DROP model variables 
for the three study years of 1990, 2000, and 2010. While it was possible to recover some specific 
information from local sources, the requirement to be able to apply the metric to other locales enforced 
the discipline that data sources must be available across the six Midwestern states.  In some cases, the 
effort to retrieve consistent data was complicated by the change in U.S. census data gathering and 
reporting. The methodology used by the U.S. Census Bureau for the 2020 census may yet again require 
reframing of variables.    
The case studies provide information on tangible actions that communities have taken to reduce their 
risk to natural disasters. These stories in the context of the resilience index provide decision makers with 
examples and potential measures to apply in other communities.  
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Section 2. LaSalle County, Illinois: A Case Study 
 
LaSalle County in Illinois has experienced numerous natural disasters, and the county and its 
communities have taken actions to reduce their risk. The county and communities have adopted 
ordinances, taken advantage of federal programs to reduce exposure to natural disasters, and developed 
integrated plans; all increasing their resilience and supporting healthy community growth. This section 
examines the history of natural disasters, the use of federal funds to recover and mitigate, and the growing 
community resilience. The study considers the period from 1990 to present, benchmarking the community 
resilience in 1990 and comparing resilience indices calculated for 2000 and 2010. In the following 
discussion, all expenditures noted are converted to equivalent 2017 dollars, adjusting for inflation (U.S. 
Department of Labor, 2018).  
 Overview of Study Area 
LaSalle County is located in north central Illinois and in 2015 had an estimated population of 112,579 
persons, making it the 17th most populous county of Illinois’ 102 counties. The county comprises 1,148 
square miles (2,970 square kilometers) with a density of 100.4 persons per square mile compared to the 
U.S. average of 90.9 persons per square mile based on 2015 estimated populations. The county seat, and 
largest community by population, is the City of Ottawa; the next three most populous communities are the 
cities of Streator, Peru, and LaSalle.  In LaSalle County, only 30% of the population lives in a rural area, 
but 96% of the county’s land use is considered rural (NCICG, 2015). Based on the 2013 Rural-Urban 
Continuum Codes (USDA, 2013), LaSalle County is classified as a nonmetropolitan county having an 
urban population of 20,000 or more, adjacent to a metro area.  
Severe weather striking LaSalle County takes the form of tornadoes, flooding, severe storms, and 
winter storms (NCICG, 2015). Table 2.1 lists the federal disaster declarations since 1967.  There are 298 
miles of streams with mapped floodplains in LaSalle County. The confluence of two major rivers, the Fox 
River and the Illinois River, lies near the center of LaSalle County as shown in Figure 2.1. Figure 2.2 
shows the history of tornadoes in LaSalle County. Since tracking of federal disaster declarations began in 
1957 to the present, LaSalle County has had twelve Presidential Major Disaster Declarations primarily 
due to severe storms, flooding, and tornadoes, with one declaration due to a severe winter storm. The 
2015 Bureau, LaSalle, Marshall, Putnam, and Stark Counties Natural Hazards Mitigation Plan (NHMP) 
(NCICG, 2015) reports the occurrence of 69 floods causing one death and five injuries and 35 tornadoes 
causing eight deaths and 35 injuries in LaSalle County between 12/31/1964 and 12/31/2014. In March of 
2017, a tornado took two lives. 
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Table 2.1. Federal Disaster Declarations in LaSalle County 
Year 
Federal Disaster 
Number (DR) Incident Description 
1967 227 Tornadoes 
1973 373 Severe Storms, Flooding 
1974 438 Severe Storms, Flooding 
1979 583 Severe Storms, Flooding 
1982 No Declaration Severe flooding reported in Natural Hazards Mitigation Plan (NHMP) 
1983 674 Severe Storms, Tornadoes, Flooding 
1985 735 Severe Storms, Flooding 
1996 1129  Flooding 
2004 1513  Severe Storms and Tornadoes 
2007 1729  Severe Storms and Flooding 
2008 1800 Severe Storms and Flooding 
2009 No Declaration Severe flooding reported in NHMP 
2011 1960 Severe Winter Storm and Snowstorm  
2013  
(April) 4116 Severe Storms, Straight-line Winds and Flooding 
2013  
(November) 4157 Severe Storms, Straight-line Winds and Tornadoes 
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Figure 2.1. Confluence of Fox and Illinois Rivers in LaSalle County, Illinois 
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Figure 2.2. Historical Tornado Tracks Mitigation Plan Risk Assessment  
The risk assessment provided in the 2015 NHMP “considers four (4) categories to determine risk: 
Historical/Probability, Vulnerability, Severity of Impact, and Population. Each category is assigned a 
numerical value that is determined by the following: 
• The number of times that a disaster has occurred in the past 50 years. 
• The percentage of people that live in an area that could be impacted by a disaster. 
• The likely severity of the impact in terms of fatalities, injuries, damage. 
• Current population and future population projections.” 
Employing the methodology used in the Illinois NHMP, the total value of the four categories 
determines the risk rating for each natural hazard, which corresponds to a color. Table 2.2 from the 2015 
NHMP shows LaSalle County’s color-coded risk level for potential natural hazards. Although not 
assessed as an independent hazard, urban flooding is increasingly observed as a significant and costly 
event and is noted in the mitigation plan. Urban flooding, which is brought on by large and/or intense 
rainfall, is a function of storm sewers and other infrastructure and is sensitive to climate change (UFAA, 
2015). Tornadoes and floods are calculated to be an elevated risk for the county but lower for the 
communities. This illustrates the point that individual communities have fewer experiences with 
damaging natural disasters, but a larger geographic area, represented here by the county, will have more 
exposure. 
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Table 2.2. LaSalle County Risk Assessment 
Risk Levels Communities Tornadoes Floods 
Winter 
Storms 
Extreme 
Temps 
Dangerous 
Winds Lightning Drought Hail 
Low 
Total: 0-12 
LaSalle County Elevated Elevated High Elevated High Guarded Elevated Elevated 
Earlville Guarded Guarded High Elevated Elevated Guarded Elevated Guarded 
Grand Ridge Guarded Guarded High Elevated Elevated Guarded Elevated Guarded 
Guarded:  
Total: 13-24 
Kangley Guarded Guarded High Elevated Elevated Guarded Elevated Guarded 
LaSalle Guarded Guarded High Elevated Elevated Guarded Elevated Guarded 
Leland Guarded Guarded High Elevated Elevated Guarded Elevated Guarded 
Elevated:  
Total: 25-36 
Marseilles Guarded Guarded High Elevated High Guarded Elevated Guarded 
North Utica Guarded Guarded High Elevated Elevated Guarded Elevated Guarded 
Oglesby Guarded Guarded High Elevated Elevated Guarded Elevated Guarded 
High:  
Total: 25-36 
Ottawa Guarded Guarded High Elevated High Guarded Elevated Elevated 
Peru Guarded Guarded High Elevated High Guarded Elevated Elevated 
Ransom Guarded Guarded High Elevated Elevated Guarded Elevated Guarded 
Severe:  
Total: 49-60+ 
Seneca Guarded Guarded High Elevated Elevated Guarded Elevated Guarded 
Sheridan Guarded Guarded High Elevated Elevated Guarded Elevated Guarded 
Streator Elevated Elevated High Elevated High Guarded Elevated Elevated 
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History of Natural Disasters and Community Response Period: 1967-1989 
Since 1967 when severe tornadoes led to a federal disaster declaration, LaSalle County has 
experienced severe weather in the form of tornadoes, severe storms and flooding with damage costs 
leading to five more federal disaster declarations by 1989. Federal disaster declarations are assigned a 
number starting with DR followed by a number assigned as disasters are declared nationwide; therefore, 
they are not continuous in smaller geographic areas. Nationwide the costs of disasters, with flooding the 
leading cause, had been rising since the beginning of the century. In response, the NFIP was established 
in 1968. In LaSalle County, by 1989, the cities of LaSalle, Mendota, Oglesby, Ottawa, Peru, Streator and 
the villages of North Utica and Sheridan had joined the NFIP, adopting floodplain management 
ordinances to steer new development away from floodplains and giving residents access to federal flood 
insurance. In 1989, there were 99 NFIP policies in place.  
 Study Period: 1990-1999 
Disaster Declarations and Funds  
Between 1990 and 1999, LaSalle County 
suffered only one disaster resulting in a federal 
declaration and that was for flooding. LaSalle 
County was not the hardest hit, being on the 
edge of the hardest hit areas lying to the 
northeast. Record rainfall that still stands today 
was recorded at Aurora, Illinois. 
LaSalle County received $621,175 in Federal 
PA for categories C through G, providing a local 
match of $207,054 (2017 dollars). The SBA 
provided over $2 million in home loans and 
$628,524 in business loans.  
Community Action  
LaSalle County adopted their first 
Construction Permit Ordinance in November 
1996. The county adopted a comprehensive plan 
in 1999. Thirty-four properties were purchased and structures removed from the floodplain during this 
period. The Flood Insurance Reform Act of 1994 (Community Development and Regulatory 
Improvement Act of 1994 Title V, the National Flood Insurance Reform Act of 1994 signed on Sept. 23, 
1994) requires that federal agencies responsible for overseeing federally-regulated and insured lenders 
mandate the purchase of flood insurance for properties located within an area having special flood 
hazards for the term of the loan. For example, mortgages sold on secondary markets to Fanny Mae or 
Freddy Mac or loans from the Veterans Administration would require the borrower to secure a flood 
insurance policy for any structure used as collateral for the loan. In 1990, 115 NFIP policies were in place 
in LaSalle County and 344 policies by 1999. 
1996 - DR1129 Flooding 
Incident Period:  
July 17, 1996 - August 07, 1996 
Major Disaster Declaration: 
 July 25, 1996 
Cook, DeKalb, DuPage, Grundy, Kane, Kendall, 
LaSalle, Ogle, Stephenson, Will 
“The rainstorm on July 17-18, 1996, produced 
several rainfall records and (at the time) was the 
second most costly weather disaster in Illinois 
behind the 1993 flood. The 16.94 inches 
recorded at Aurora still stands as the statewide 
record for the most rain from a single 24-hour 
period. The 10.99 inches on the west side of the 
Chicago metro area was the most recorded in the 
Chicago urban area.” Jim Angel, 
https://www.weather.gov/lot/1996Jul1718_rain 
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Study Period: 2000-2009 
Disaster Declarations and Funds 
On April 20, 2004, a tornado began in Putnam County and ended in LaSalle County after causing 
the deaths of nine people. North Utica suffered extensive damage with project costs at $2,478,786 (75% 
federal /25% local PA funding for categories C through G under DR 1513). Severe storms and flooding in 
2007 and 2008 (DR1729 and DR1800, respectively) caused damages throughout the county. Table 2.3 
lists the PA funds received following these federal declarations. The SBA provided $4.81 million in home 
loans and $4.99 million in business loans. The Central Elementary School in Ottawa was severely 
damaged (depicted in Figure 2.3), leading to demolition and construction of a new school far removed 
from possible flooding. For the school project, federal funds of $13.1 million were awarded under PA, 
with the local match of $4.4 million.  
Community Action 
In 2001, the Illinois Department of Natural Resources, Office of Water Resources (IDNR/OWR) 
provided funds to purchase five previously flooded homes, and in 2008 funding through the Illinois 
Department of Community and Economic Development (IDCEO) was used to purchase three previously 
damaged homes. From 2000 to 2009, sixteen flood-damaged structures were purchased and removed and 
the properties returned to open floodplain.  
A number of LaSalle County communities joined the NFIP during this time period: LaSalle County 
Unincorporated Areas (2001), City of Earlville (2002), City of Marseilles and Village of Tonica (2008), 
Village of Somonauk (2009). As a further advance in floodplain management, LaSalle County and the 
Village of North Utica joined the CRS in 2005. 
LaSalle County applied to the Department of Homeland Security Grant Program, and in 2008 was 
awarded funding to construct a new 9,100 square foot facility to replace the inadequate room used as the 
Emergency Operation Center (EOC). In 2017 dollars, the grant was over $10.9 million.  In 2000, 340 
NFIP policies were in place; by 2009, 404 NFIP policies were in place. 
In 2000, Congress passed the Disaster Mitigation Act (DMA 2000). DMA 2000 established the 
requirement for communities to develop and adopt a NHMP to be eligible for federal mitigation funds 
under Section 104 of the DMA 2000 (42 USC5165). This act led communities to evaluate their natural 
hazard risk and develop plans for mitigation. By 2008, a countywide NHMP was adopted in LaSalle 
County with most communities participating and covering 97.6% of the population.  
Other planning efforts include Ottawa’s adoption of a comprehensive plan in 2002. In 2004, LaSalle 
County adopted the County Building Permit Ordinance for the “purpose of promoting and safeguarding 
the public health, safety, comfort and welfare of the citizens of LaSalle County… setting forth rules 
regarding the construction of buildings and structures as to make reasonably safe from hazards of fire, 
explosion, collapse, electrocution, flooding, asphyxiation, contagion and spread of infectious disease…” 
Managing the immediate aftermath of a natural disaster traditionally had fallen to the local Emergency 
Management Agency supported by police and fire departments. The statewide Mutual Aid Box Alarm 
System (MABAS) has created a statewide mutual aid response system for fire, EMS and specialized 
operational teams. Planning includes development of a response plan for any location in the state anytime 
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the Governor orders a declaration of disaster. This effort is in partnership with the Illinois Emergency 
Management Agency (IEMA) and the Office of the State Fire Marshal, Department of Public Health-
DMS Division and Illinois Fire Chiefs Association. On January 16, 2001, a memorandum was signed 
between these representatives (MABAS, 2016). 
 
 
Figure 2.3. Central School Flooded by the Illinois River, September 16, 2008 
 Study Period: 2010-2017 
Disaster Declarations and Funds 
There were three federal disaster declarations during this period, and 2011 brought severe winter 
storms. In 2013, two separate severe storms, one bringing flooding and the second accompanied by 
tornadoes, resulted in federal disaster declarations. LaSalle County received $2,636 in federal PA for 
categories C through G following the 2011 winter storm (local match of $879). The disaster declarations 
of 2013 resulted in federal PA payments of $1,831,353 (local match $610,452). SBA provided over 
$3,852,782 in home loans and $225,886 in business loans. In March of 2017, a tornado that struck in 
Ottawa resulted in hundreds of damaged structures, and the full extent of losses has not yet been tallied.  
Community Action 
In 2010, 434 NFIP policies were in place; by 2016, there were 472 NFIP policies in place. During this 
period, an additional five flood-damaged structures were purchased. The new EOC was opened in 2010 
allowing for greater coordination of emergency action. Cross-community cooperation and assistance has 
been further formalized by the Illinois Public Work and Mutual Aid Network (IPWMAN) founded in 
2009. “The Illinois Public Works Mutual Aid Network is envisioned as an all-hazards, all-disciplines 
approach to sharing resources between various Public Works entities in Illinois” (IPWMAN, 2017). 
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Current members include the cities of LaSalle, Marseilles, Oglesby, Ottawa, Peru, and Streator; the 
villages of Dalzell, Grand Ridge, Naplate, North Utica, and Northville Township and Ottawa Township 
Road District.  
During this period, several ordinances and plans were adopted that establish standards that create a 
built environment that is more resilient to natural disasters. The county comprehensive plan from 1999 
was updated in 2014. The plan references the NHMP be updated as needed or required. Further, LaSalle 
County adopted a zoning ordinance in 2006 for the unincorporated areas of the county and has a 
subdivision ordinance that requires all streets and cul-de-sacs be in compliance with applicable 
ordinances, including the county’s Floodplain Regulation Ordinance. All streets and cul-de-sacs must be 
elevated above the 100-year floodplain. The county has adopted the International Residential Code 2003 
and portions of the following codes: International Building Code 2003, International Fire Code 2003, 
International Mechanical Code 2003, International Fuel Gas Code 2003, and National Electrical Code 
2002. The City of Ottawa joined CRS in 2010.  
Most notable during this period was the formation of the Illinois Valley Flood Resilience Alliance 
(IVFRA) (Rezin, 2018) in 2013. The IVFRA is a united local effort to prepare regionally to mitigate 
flooding and to build resiliency. LaSalle County is one of six counties participating. In 2015, a five-
county NHMP was adopted (NCICG, 2015).  
 Summary for 1990-2017 
The timeline of disaster declarations and disaster funds for LaSalle County is illustrated in Figure 2.4.  
In the figure, each federal disaster declaration is labeled using the federal identifier, DR number.  The 
federal disaster funds (including local match) are stacked to show total costs and color coded by type.  
Note that the large expenditure of PA in 2009 is for the new elementary school in Ottawa. This instance 
of PA funding illustrates the importance of exploring the nature of the expenditure. In this case, the large 
expenditure in PA is not a reflection of a catastrophic event, decrease in NFIP coverage, or an increase in 
the community’s exposure but reflects a significant action that has lowered risk.  Business and residential 
loans from the SBA are also included in Figure 2.4.   
Table 2.4 lists the mitigation funds expended to purchase structures, including the school in 2009.  
Figure 2.5 shows that the number of NFIP policies has increased over the study period, which is a very 
positive trend in reducing risk from flooding impacts. Table 2.3 shows the PA funding provided for each 
disaster by category.  The costs summarized in Table 2.3 are only an indicator of the relative impact of 
the disaster and not the total costs. One way to put the cost into perspective is to examine the magnitude 
of the physical event causing the damage. The magnitude of flood events can be readily compared based 
on the peak stage, discharge and/or expected frequency of the event. Tornadoes are categorized by the 
Enhanced Fujita (EF) Scale (NOAA, 2017) based on damages observed.  The relative magnitude of the 
severe weather events leading up to the disaster declarations are discussed in the next section. 
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Figure 2.4. Timeline of Disaster Declarations and Disaster Funds 
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Figure 2.5. Timeline of NFIP Policies in Place 
 
Table 2.3. PA Funds by Category in 2017 Dollars (75% Federal / 25% Local) in LaSalle County1 
Category 
Year 2004 2007 20082 2011 20133 Total by 
Category DR 1513 1729 1800 1960 4116 
C - Roads and Bridges  $155,069 $187,870 $103,350 $0 $777,016 $1,223,304 
D - Water Control Facilities  $0 $0 $11,001 $0 $18,152 $29,153 
E - Public Buildings  $1,107,495 $0 $154,233 $3,483 $937,686 $2,202,896 
F - Public Utilities  $36,027 $52,700 $144,985 $0 $575,118 $808,829 
G - Recreational or Other  $27,535 $494,330 $288,077 $0 $110,797 $920,739 
Total by Disaster   $1,326,126 $734,899 $701,645 $3,483 $2,418,769 $5,184,923 
Federal 75%       $3,888,692 
Local 25%        $1,296,231 
1) Category breakdown for the 1996 flood DR1129 not available 
2) Does not include Ottawa Central Elementary school funding 
3) No PA awarded in categories C-G for DR 1991 in 2013 
 
Table 2.4. Mitigation Funds in 2017 Dollars 
Year of Disaster 
Declaration Fund 
Federal Share 
(75%) 
State and Local 
Share (25%) 
Total Mitigation 
Funds 
1996 $3,047,016 $1,015,672 $4,062,689 
2001 $314,418 $104,806 $419,224 
2008 $215,280 $71,760 $287,040 
2009 $13,054,994 $4,351,665 $17,406,658 
Total $16,631,708 $5,543,903 $22,175,611 
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Removing structures from the floodplain is the first part of the story; repurposing the open space to 
enhance the community, such as creating parks, turns a risk into an amenity that serves the community 
(Figure 2.6, Figure 2.7). PA funds listed in listed in Table 2.3 under Category G, Recreational, have been 
needed to repair features after significant flood events. 
 
Figure 2.6. Fox River Park Shelter, Ottawa, IL 
 
 
Figure 2.7. Fox River Park Playground, Ottawa, IL 
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LaSalle County Flood and Tornado Events  
LaSalle County has experienced repeated significant flooding events during the study period 1990 to 
present. This is demonstrated by comparing peak stages and discharges recorded at gages on the Fox 
River and the Illinois River.  
The plot of the annual series of peak stages recorded for the Fox River at Dayton (USGS 05552500) is 
shown in Figure 2.8 from 1954 to 2016. The peak of record is 24.63 feet recorded in October 1954. The 
1996 flood event (resulting in federal disaster declaration DR1129) was only 0.16 feet lower. Typically, 
the annual peak stage will coincide with the annual peak discharge although exceptions can occur such as 
when ice jams impede flow, a frequent occurrence along the Fox River. The peak stages for subsequent 
flooding disaster declarations in 2007, 2008 and 2013 are also shown in Figure 2.8. Figure 2.9 plots 
discharge versus expected frequency of occurrence for the Fox River at Dayton. Inspection of Figure 2.9 
shows that the 1996 event exceeds the expected discharge, having a return interval of 500 years, the 2008 
discharge exceeds the 100-year return interval and the 2013 event is greater than the 50-year event. It was 
after the 1996 event that many structures damaged by flooding were purchased and removed. 
The annual peak stages recorded for the Illinois River at Marseilles are shown in Figure 2.10, and the 
peaks associated with the events of 1996, 2007, 2008 and 2013 are noted in the figure. Discharges 
corresponding to the 10-, 50-, 100- and 500-year return periods reported in the Flood Insurance Study 
(FIS), LaSalle County (FEMA, 2014) are plotted in Figure 2.11 as are the maximum discharges recorded 
in 1996, 2007, 2008 and 2013 for the Illinois River at Marseilles (USGS  05543500). At Marseilles, the 
Illinois River during the 2013 event exceeded the 2008 event.  
LaSalle County has been hard hit with several tornadoes during the study period. Observed tornado 
tracks between 1990 and 2006 are shown in Figure 2.12. Information regarding the EF Scale for ranking 
tornadoes based on observed damages is provided in Table 2.5. The 2004 tornado was ranked as an EF4, 
with winds between 166 and 200 miles per hour capable of devastating damage. The 2017 tornado was an 
EF3.  
2017 LASALLE COUNTY TORNADO – NAPLATE-OTTAWA 
Date:  2/28/17   Est. Peak Winds: 155 MPH Max Width:  800 yards 
Time (Local):  4:41-4:59 PM CST Path Length:    11.5 miles Injuries/Deaths: 14/2 
EF Rating:  EF-3    
Summary: The first area of significant damage in the EF2 range was in the area around the LaSalle 
County Nursing Home and LaSalle County Highway Department, with lighter damage upstream from 
this location. The tornado continued into Naplate and produced widespread EF2 damage to numerous 
homes. EF3 damage also was identified in two locations. At the first location, a minivan was thrown 
approximately 30 yards and a home was lifted off its foundation and left with only its interior walls 
intact. The second was at the Pilkington Glass plant where one section of the factory was completely 
destroyed. The tornado then crossed the Illinois River and moved through the south side of Ottawa, 
producing an 800-yard-wide path of EF1 damage to trees and homes. The fatalities in Ottawa occurred 
from a tree falling onto two men who were working outside. The tornado then crossed the Illinois River 
again and continued to produce EF1 and EF0 damage as it exited Ottawa, finally dissipating in the area 
northwest of Marseilles. (http://www.weather.gov/lot/2017Feb28_tornadoes accessed Nov 18, 2017) 
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Figure 2.8. Fox River at Dayton Annual Peak Gage Height 
 
 
Figure 2.9. Fox River at Dayton Peak Flow Frequency 
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Figure 2.10. Illinois River at Marseilles Annual Peak Gage Height 
 
 
 
Figure 2.11. Illinois River at Marseilles Peak Flow Frequency 
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Table 2.5. Operational EF Scale for Ranking Tornadoes Based on Observed Damages (NOAA, 2017) 
EF 
Number 
3 Second 
Gust (mph) Typical Observed Damage for Classification 
0 65-85 Light Damage: Some damage to chimneys; branches broken off trees; shallow-rooted trees pushed over; signboards damaged. 
1 86-110 Moderate Damage: Peels surface off roofs; mobile homes pushed off foundations or overturned; moving autos blown off roads.  
2 111-135 
Considerable Damage: Roofs torn off frame houses; mobile homes demolished; 
boxcars overturned; large trees snapped or uprooted; light object missiles 
generated; cars lifted off ground 
3 136-165 
Severe Damage: Roofs and some walls torn off well-constructed houses; trains 
overturned; most trees in forest uprooted; heavy cars lifted off the ground and 
thrown. 
4 166-200 Devastating Damage: Well-constructed houses leveled; structures with weak foundations blown away some distance; cars thrown and large missiles generated.  
5 Over 200 Incredible Damage: Strong frame houses leveled off foundations and swept away; automobile-sized missiles fly through the air in excess of 109 yards; trees debarked.  
 
 
Figure 2.12. Tornadoes in LaSalle County During the Study Period 
(http://mrcc.isws.illinois.edu/gismaps/cntytorn.htm#) 
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Demographic and Economic Data 
During the study period, the population of LaSalle County did not increase at the same rate as the 
State of Illinois, increasing approximately 4.3% between 1990 and 2000 compared to the state average of 
8.6% and at a rate of approximately 2.2% from 2000 to 2010 compared to the state overall increase of 
3.3% (IDPH, 2017). The 2015 population estimate is 110,642. Table 2.6 lists the population, housing 
capital, employment percent and other snapshots of the county demographics and economic indicators for 
1990, 2000, 2010 and 2015. LaSalle County median income in 2015 was about $50,633 ($52,693.64 2017 
dollars), which is lower than the State of Illinois median income in 2015 of $57,574 ($59,917 in 2017 
dollars). The Gini Coefficient listed in the table is a measure of income equality, ranging from 0 to 1, with 
lower values denoting a more equal distribution of income. A value of 0 would indicate purely equal 
distribution of income, where everyone earns the same amount. The Gini index for the State of Illinois 
was 0.465 in 2010. The median household income in LaSalle County and for the State of Illinois is 
plotted from 1990 to 2015 in Figure 2.13. Given that a significant recession took place between December 
2007 and June 2009, it is difficult to assess any impact of the severe storms and flooding that befell 
LaSalle County in 2007 and 2008. Recession is defined by the National Bureau of Economic research as 
“a significant decline in economic activity spread across the economy, lasting more than a few months” 
(National Bureau of Economic Research, 2018). Figure 2.14 shows the assessed property value in Ottawa 
adjusted to 2017 dollars. The records were obtained by request from the City of Ottawa Assessors Office. 
The plot shows a trend of increasing property values throughout the study period despite removal of 
structures and higher building standards. 
 
Table 2.6. LaSalle Countywide Population and Economic Indicators 
Category 
Year 
1990 2000 2010 20151 
Population 106,913 111,509 113,924 110,642 
Housing Capital  
(% owner occupied) 
68.96% 77.51% 74.47% 73.1 % 
Employment  
(% of total population employed) 
42.52% 47.82% 46.11% 63.1% 
Gini Index 0.406 0.410 0.411 
Not 
available 
Median Household Income  
(converted to 2017 dollars) 
$53,306 $60,804 $55,838 $52, 694 
Poverty Rate  
(% of total population) 9.4% 8.9% 12.5% 12.5% 
Total Housing Units 43,827 46,438 49,175 49,848 
1) https://www.census.gov/quickfacts/fact/table/lasallecountyillinois/POP715215#viewtop 
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Figure 2.14. Ottawa, Illinois Assessed Property Values Losses Avoided 
The purchase of residences and other structures that have flooded unburdens the owners, the 
community, and the NFIP. The buyout program eligibility is based on a cost-benefit ratio calculation 
using the probability of future flooding and resulting expected damages. In the long run, it is less costly to 
purchase the damaged home than to repeatedly pay to repair flood damages. After purchase and removal, 
the actual flood damage losses avoided can be calculated by considering the cumulative damages that 
would likely have resulted were the structure still in place during subsequent flood events. A simplistic, 
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but widely accepted approach considers the expected cost to repair damage to the structure each time it 
would likely have been damaged by floodwaters. The distribution of the cost to the owner and the NFIP 
would depend on the level of insured value. There are other costs avoided by removing a structure from a 
flood hazard area including, but not limited to, displacement/loss of use, debris removal, service utility 
repair, and emergency action. However, some of these considerations are significant only if several 
structures in a contiguous area are removed.  
The FEMA Hazus (FEMA, 2017) program is a nationally recognized method to estimate potential 
losses from natural hazards. Estimates of flood losses can be performed with user inputs of specific 
structure information and flood depth.  In a loss avoidance assessment, the structure information for the 
purchase and removal of structures and flood data for events occurring after the purchase are input into 
Hazus for the assessment. The Hazus program has a number of modules to estimate other types of losses 
such as those noted above; however, unless local data are available to calibrate or validate estimates, the 
default values may or may not represent a particular area.  
The City of Ottawa has a strong program for buying structures that have been flood damaged and has 
significantly reduced the community’s exposure to this natural hazard. A loss-avoidance study was 
performed for the City of 
Ottawa. A significant number of 
structures were purchased after 
the 1996 flood, with the first 
purchase recorded in 1997. 
Additional structure buyouts 
occurred between 1998 and 
2001, and again in 2012 and 
2013. Many of the structures 
removed from the floodplain 
were in an area called the 
“Flats” shown in Figure 2.15. 
Keeping in mind that while 
damage caused by local flooding 
may not warrant a disaster 
declaration, between 1998 
and 2018 there were thirteen events that had the potential to damage structures had they not been 
purchased and removed. Table 2.7 lists the thirteen flood events analyzed, losses avoided, and the return 
on investment for purchased structures, excluding Central Elementary School. Table 2.8 shows the losses 
avoided during the 2013 flood event for Central Elementary School. 
Using the data collected from records provided by the City of Ottawa, an inventory of purchased 
structures was created that incorporated each of the buyout structures included in this study. A Hazus 
User Defined Facility (UDF) analysis was then performed.  For a UDF analysis to be run, it is important 
to have an accurate portrayal of the characteristics of each individual structure. Examples are: occupancy 
class, (residential, commercial, etc.), building value, number of stories, square footage, foundation type, 
Figure 2.15. The Flats, Flood of April 2013 
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building material, and year built. With the information provided by the City of Ottawa, these 
characteristics could be accurately represented for this analysis. 
Two of the most crucial pieces of information for a UDF analysis are the value of the structure and the 
height of the first finished floor above grade. The value of each structure was derived from appraisals 
performed before each buyout. The appraised values were converted to 2017 U.S. dollars using the 
Bureau of Labor Statistics Consumer Price Index (DOL, 2017). The first-floor height of each structure 
was estimated since these values were not available. First-floor heights were estimated using photos of 
each structure that were provided by the city in combination with suggested heights provided by Hazus 
based on the foundation types. Once the inventory was complete, an analysis was run using the inventory 
in conjunction with flood depth grids created from each modeled, historical event. 
The total losses avoided shown in Table 2.7 represent estimated losses to the structure, the contents of 
the structure, and inventory losses if the property was commercially used.  Figure 2.16 shows the 
locations of structures removed. The cumulative project investment includes the purchase cost of the 
property and other costs associated with it such as appraisals, asbestos removal, and demolition, all of 
which were converted to 2017 U.S. dollars. Cumulative losses avoided between 1998 and 2018 are 
estimated to be over $9.5 million, whereas the acquisition cost was just over $4.8 million (total 2017 
dollars not adjusted for opportunity cost).  Some of these structures would have flooded repeatedly. The 
return on mitigation investment can be calculated as the Total Losses Avoided/Project Investment * 100 = 
% Return on Investment. The total losses avoided between 1998 and 2018 based solely on physical 
damages are $9,565,303 divided by $4,879,545 = Return on Investment (ROI) of 196%.  
 
  Table 2.7. Flood Damage Losses Avoided, City of Ottawa 
Year of Flood 
Event 
Structures with 
Potential Losses 
Avoided2 
Cumulative Total 
Losses Avoided 
(Estimated)1 
Cumulative Project 
Investment1 ROI 
1998 6 $174,029 $1,915,702 9% 
1999 1 $177,005 $2,911,012 6% 
2001 3 $184,721 $4,051,154 5% 
2002 12 $387,573 $4,051,154 10% 
2004 1 $390,954 $4,051,154 10% 
2005 18 $661,207 $4,051,154 16% 
2007 46 $1,532,380 $4,051,154 38% 
2008 54 $3,807,223 $4,051,154 94% 
2009 47 $4,881,644 $4,051,154 121% 
20133 58 $7,464,363 $4,879,545 153% 
2015 20 $7,746,883 $4,879,545 159% 
2017 4 $7,807,273 $4,879,545 160% 
2018 61 $9,565,303 $4,879,545 196% 
Total   $9,565,303 $4,879,545 196% 
1) 2017 U.S. dollars 
2) Only buildings that were acquired prior to the event were included in the analysis. Only buildings 
with potential losses avoided are reported; thus, the number in this column does not represent all 
buyouts, only those potentially damaged by the analyzed flood events. 
3) Excludes Central Elementary School 
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Central Elementary School was analyzed separately from the other buyout properties. The school 
suffered damage during the 2008 flood and was declared substantially damaged. The decision was made 
to demolish the old structure and rebuild in an area outside of the floodplain. The original structure was 
demolished in 2013. Table 2.8 lists the results from two separate scenarios used to show potential losses 
avoided during the 2013 flood event.  
Scenario 1 represents the situation in which the original school remains in the same location. To 
determine the replacement cost of the structure, an estimate was created by using the R.S. Means Square 
Footage Costs (2014) taken from the Hazus 4.0 building inventory database. This value of $173.88 per 
square foot was multiplied by 70,000, the square footage of the original structure. This value was then 
multiplied by a location factor of 1.10 and adjusted to 2017 U.S. dollars using the Bureau of Labor 
Statistics Consumer Price Index (DOL, 2017). 
Scenario 2 represents the losses avoided if the new elementary school was constructed in the same 
location as the original.  This uses the replacement cost of the new school adjusted to 2017 U.S. Dollars. 
Only one recorded flood event would have caused damage at the original site of the Central Elementary 
School since its demolition.  The return on investment will continue to increase over time when flooding 
along the Illinois River occurs.   
 
Table 2.8. Losses Avoided During the 2013 Flood Event for Central Elementary School 
Scenario Structure 
Building 
Replacement 
Cost 
Square 
Footage 
Total Losses 
Avoided to Date 
(Estimated)1 
Project 
Investment1 
Projected 
ROI 
1 Original Building $13,760,184 70,000 $4,591,382 $23,132,010 20% 
2 
New 
Construction 
Building 
$23,132,010 103,000 $10,822,964 $23,132,010 47% 
1) 2017 U.S. dollars 
 
 
Page | 44  
 
 
Figure 2.16. City of Ottawa Loss Avoidance
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Losses can be avoided by community adoption of standards that reduce flooding risk. The City of 
Ottawa has adopted a standard that new construction must be two feet higher than the 100-year flood 
elevation compared to the minimum standard, which allows new construction to be built at the 100-year 
flood elevation. The development of Heritage Harbor in Ottawa illustrates the losses avoided by adoption 
of higher standards. Figure 2.17 shows that the higher elevation kept these structures from being flooded 
in 2013. Table 2.9 lists expected losses avoided for the 1% and 0.2% annual chance flood events (100- 
and 500-year). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2.9. Expected Losses Avoided, Heritage Harbor 
Event Type 
Projected Structures 
Impacted without 2' 
Higher Elevation 
Requirement 
Total Loss without 
2' Higher Elevation 
Requirement 
(Estimated)1 
Total Loss 
with Current 
Construction 
(Estimated)1 
Total Losses 
Avoided 
(Estimated)1 
1% Annual Chance 
Flood (100-year) 33 $2,368,060 $0 $2,368,060 
0.2% Annual Chance 
Flood (500-year) 63 $7,513,595 $3,841,884 $3,671,711 
Totals   $9,881,655 $3,841,884 $6,039,771 
1) All loss values have been converted to 2017 U.S. Dollars 
Figure 2.17. Heritage Harbor Structures Built to Higher Standard of 
Two Feet above the 100-year Flood Elevation 
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Community Resilience Metric, LaSalle County  
A community resilience metric was computed for LaSalle County for the years 1990, 2000, 2010. The 
metric is based on the DROP model (Cutter et al. 2008, 2010, 2014, 2016). Five categories of community 
resilience are identified in the model: social, economic, institutional, infrastructure, and community 
capital. The DROP model is based on readily available data in the public sector, drawing primarily from 
U.S. Census data. The strengths of using readily available data include comparability across geographies 
and across time and relatively low cost to compile the information. The weakness of this approach is there 
are many facets of community resilience that cannot be captured, such as water and power supply 
vulnerability, emergency evacuation planning, the breadth of citizen disaster preparedness and training, 
and actual short-term housing capacity. Table 2.10 lists the variables and the calculated values for LaSalle 
County for each of the three years. Variables used to compute the resilience metric are described in the 
first column under the six categories. Values are typically a percentage and the formula is written so that 
values are positive and increasing numbers imply improvement. Thus, rather than using the percent of the 
population in poverty, where an increasing number is actually a negative impact, the variable is the 
percent of population not in poverty.   
Each variable has equal weight in the calculation of the metric, with no one measure given more 
importance than another. Therefore, the variables had to be normalized; this was accomplished by scaling 
each variable between 0 and 1. As this is a comparison for a single community over time, the sample size 
for each variable consists of the three measurement years (1990, 2000, and 2010). Zero was assigned to 
the lowest value calculated for the variable, 1 was assigned to the highest value, and the mid-value was 
linearly scaled. The scores for the variables are summed to calculate the metric for each category. The 
five category values are then averaged to calculate the overall resilience metric. Having only three 
observations of each variable diminishes confidence in the magnitude of the normalized values, making 
the year-to-year comparisons more qualitative than quantitative. The calculated metric for each category 
in each year is provided in Table 2.10. Figure 2.18 illustrates how community resilience has changed over 
time.  
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Table 2.10. LaSalle County DROP Model Variables and Calculated Values 
Year 1990 2000 2010 
Social Resilience    
Education Equity Ratio (% population with college education /  
% population with less than high school education) 2.72 4.38 6.94 
Age (% population under 65 years old) 82.68% 83.49% 83.42% 
Transportation (% population with a vehicle) 92.35% 93.60% 94.32% 
Communication (% population with a telephone) 96.25% 99.98% 99.97% 
Language (% population speaking English) 99.99% 99.10% 97.30% 
Special Needs (% population without special needs) 99.98% 87.00% 91.40% 
Health Insurance Coverage (% population with health insurance) 85.77% 87.60% 93.50% 
Heath Access (number physicians per 10K persons) 40.31 38.20 84.88 
Economic Resilience    
Housing Capital (% owner occupied) 68.96% 77.51% 74.47% 
Employment (% of total population employed) 42.52% 47.82% 46.11% 
Income and Equality (1- Gini coefficient) 0.594 0.590 0.589 
Employment (% females employed) 37.62% 55.90% 76.10% 
Business Size Ratio of large to small 0.0210 0.0202 0.0204 
Large Retail Distribution (number stores per 10K persons)  75.95 70.49 36.69 
Non-poverty (% population above poverty level) 90.60% 91.10% 87.50% 
Single Sector Employment Dependence  
(% population not employed in 3 biggest industries) 24.74% 25.69% 28.14% 
Federal Employment (% population) 0.513% 0.532% 0.415% 
Institutional Resilience    
Mitigation (% population covered by HMP) 0 97.60% 93.40% 
Flood Coverage (number of policies in place) 115 340 434 
Municipal Services (% of budget on police, fire, EMS) 6.12% 7.24% 12.62% 
Mitigation (% population in CRS communities) 0 0 48.70% 
Previous Disaster Experience (disaster declarations in prior 10 years) 2 1 3 
Mitigation and Social Connectivity (Citizen Corps) 0 0 1 
Infrastructure Resilience    
Housing Type (% housing units that are not mobile homes) 94.27% 94.54% 95.32% 
Shelter Capacity (% vacant units) 5.80% 6.50% 8.92% 
Housing Age (% housing units built before 1950 and after 1979) 59.57% 63.89% 64.52% 
Sheltering Needs (number hotels/10K population) 1.68 1.97 2.28 
Community Capital    
Place Attachment (% population originally from USA) 98.13% 98.40% 96.40% 
Percent of population born in the state of residence  85.12% 83.72% 83.10% 
Political Engagement (number votes/population over 18) 0.577 0.568 0.580 
Social Capital (number religious participants/10K population) 7,111 6,249 4,701 
Social Capital (civic organization/10K) 2.99 2.42 3.16 
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Discussion 
Table 2.10 and Figure 2.18 show that in LaSalle County the resilience metric is increasing with time.  
The individual categories show various trends: social resilience has steadily increased; economic 
resilience was highest in 2000; institutional resilience has increased as has infrastructure, with community 
capital showing a decline. 
Information provided in Table 2.10 can be explored for trends in the variables such as: the population 
with college experience compared to those with less than a high school education is increasing; the 
percent of the population above the poverty level in the county is decreasing (the % of the population in 
poverty is increasing). The Gini coefficient is a variable indicating how evenly wealth is distributed 
(listed in Table 2.10); lower values indicate better income distribution, thus the variable is 1-Gini 
coefficient.  It has remained fairly constant. 
The scaling of the variables between 0 and 1 resulted in some exaggerations of slight changes in 
variable. The transportation variable under Social Resilience provides an example as illustrated in Table 
2.11. The percent of the population with a vehicle has not changed dramatically, but the scaled value 
would indicate a significant improvement between 1990 and 2010. A much larger sample of longitudinal 
data for communities would provide a resolution for this shortcoming. The metric will be a relative 
measure in time or between places unless an optimum value could be determined.  
 
Table 2.11. Transportation Variable Exaggerated Impact Due to Scaling 
 1990 2000 2010 
Percent of population with a vehicle 92.35% 93.60% 94.32% 
Scaled value for metric  0.000 0.635 1.000 
 
1990 2000 2010
La Salle County
Community Capital
Infrastructure Resilience
Institutional Resilience
Economic Resilience
Social Resilience
Figure 2.18. Community Resilience Metric 
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Examination of each category and the variables within the category provides greater insight to 
changes.  
 
Social Resilience 
Gains in social resilience include education equity and health insurance coverage, as well as more 
access to physicians. Increasing numbers of non-English speaking people and those with special needs 
points to an increasing need to ensure these populations are considered in emergency planning.  
 
Economic Resilience 
Economic resilience scored highest in 2000 when there was a higher percent of owner occupied 
housing and very slightly higher employment, with a smaller percent of the population below the poverty 
rate and a few more people employed by the federal government. A decline is not surprising given the 
long and significant recession in the U.S. between 2007 and 2009.  
 
Institutional Resilience 
Institutional resilience has been steadily gaining as more of the population is covered by a Hazard 
Mitigation Plan, and there are more NFIP flood policies in place and communities participating in CRS. 
Municipal spending on police, fire and emergency medical services has increased. While a direct cause-
and-effect cannot be assumed, it can be observed that between 2001 and 2017 there has been consistent 
forward actions being taken in LaSalle County to mitigate, coordinate and prepare to manage natural 
hazards.  
 
Infrastructure Resilience 
Increases in sheltering capacity and more permanent housing stock built to higher standards contribute 
to increasing infrastructure resilience. Missing from the assessment of this category are important factors 
that either have not changed or could not be confidently computed for each year: the number of hospital 
beds, evacuation potential and the number of schools. Contemporary data are available for hospitals and 
schools, but like information could not be confidently determined for 1990 and 2000. The absence of 
these data should not be carried forward if additional assessments are done.  
 
Community Capital  
The variables used to characterize community capital are somewhat difficult to interpret as small 
variations in percentage are magnified by the scaling used. The percent of population originally from the 
U.S. and those born in the state of residence are part of the model to represent place attachment; the 
changes are small. The only clear decline is in the number of persons reporting a religious affiliation, 
which is somewhat offset by the increase in number of civic organizations in 2010.  
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Summary and Conclusions 
LaSalle County has experienced multiple natural disasters over time, primarily tornadoes, severe 
storms, and flooding. The county and the communities within the county have taken actions that would 
reduce risk. The adoption of building code ordinances, mitigation plans, adoption of floodplain standards 
that exceed minimum requirements, and coordinated community planning are examples of actions taken 
that reduce risk at relative low investment cost to the community. Actively pursuing mitigation grant 
funding and execution of multiple property acquisition projects requires a significant investment of time 
and energy. Obtaining public assistance funds and special grants to purchase Central Elementary School 
in Ottawa and to build the emergency operations center are examples indicating an awareness of funding 
opportunities. The return on investment of federal, state, and local funds to remove structures from the 
floodplain clearly demonstrates the benefit of these actions to reduce federal disaster costs and individual 
hardship. There are savings for the community as well with reduced emergency services although the 
actual savings are not computed for this study. These successes indicate a high level of risk awareness, 
willingness to learn and pursue mitigation opportunities, and potentially reflect a high level of trust in the 
community leaders.   
The DROP model variables and the computation of the BRIC show increasing resilience for LaSalle 
County from 1990 to 2010. During this period, a number of national policies became active such as the 
Flood Insurance Reform Act of 1994 and the Disaster Mitigation Act of 2000. These national policies 
prompted actions such as enrollment in the NFIP to ensure that federally backed (low cost) flood 
insurance was available to meet mandatory flood insurance purchase requirements and adoption of higher 
than minimum standards rewarded by CRS accounting for lower flood insurance premiums. States and 
communities developed and adopted Natural Hazard Mitigation Plans to retain eligibility for mitigation 
grants. During this period, local expenditures increased for police, fire and emergency services in LaSalle 
County. These actions are reflected in the DROP model variables for Institutional Resilience. In the 
category of Infrastructure Resilience, data for all the indicator variables were not available in all years, 
which limits observation about this category. The social, economic, and community capital categories in 
the DROP model track changes that reflect the people and businesses within the county. Awareness of 
changes in these characteristics can inform local leaders of strengths or potential weakness that might be 
bolstered or mitigated by community action. 
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Section 3. Kenosha County, Wisconsin: A Case Study 
 
Kenosha County in Wisconsin is actively pursuing a commitment to sustainability, focusing on 
reducing energy use, wellness programs for employees, and open space restoration to name a few 
initiatives highlighted on the county website (Kenosha County, 2018). Addressing sustainability issues is 
the latest in a series of proactive actions to improve community environments and reduce natural disaster 
risks. Kenosha County is part of the Southeastern Wisconsin Regional Planning Commission (SEWRPC) 
seven-county area and has benefited from the planning and support from the commission since it was 
established in 1960. The State of Wisconsin has a history of flood mitigation actions, including the 
adoption of statewide floodplain management standards that exceed the national minimums. In terms of 
natural threats, Kenosha County has experienced tornadoes, severe storms and flooding as well as snow 
emergencies. The county and communities have adopted a multi-jurisdictional comprehensive plan that 
addresses issues that will increase their resilience and support healthy community growth. General Zoning 
is in effect throughout the county. Shore land and wetland zoning and emergency operations plans have 
been adopted by political units countywide.  All incorporated areas have stormwater management plans.  
This section examines the history of natural disasters, the use of federal funds to recover and mitigate, and 
community actions that contribute to resilience. The study considers the period from 1990 to present, 
benchmarking the community resilience in 1990, and comparing resilience indices calculated for 2000 
and 2010. In the following discussion, all expenditures listed are converted to equivalent 2017 dollars, 
adjusting for inflation (U.S. DOL, 2018).  
 Overview of Study Area 
Kenosha County is located in the southeastern corner of Wisconsin and borders Illinois. The estimated 
2015 population was 168,437 persons, making it the eighth most populous county of Wisconsin’s 72 
counties. The county comprises 754 square miles (1,953 square kilometers) with a density of 223 persons 
per square mile compared to the U.S. average of 90.9 persons per square mile based on 2015 population 
estimates. About 24% of the county area is classified as urban land use (SEWRPC, 2017).  The county 
seat, and largest community by population, is the City of Kenosha with an estimated total population of 
99,897 persons or nearly 60% of the county population (based on 2015 population estimates); the next 
three most populous communities are the Village of Pleasant Prairie, the Town of Salem and the Village 
of Somers. Based on the 2013 Rural-Urban Continuum Codes (USDA, 2013), Kenosha County is 
classified as a Metropolitan County within a metro area of one million population or more as it is 
considered part of the Chicago Metropolitan Statistical Area (USCB, 2018).  
Severe weather striking Kenosha County takes the form of tornadoes, flooding, severe storms, severe 
winter storms and snow. Table 3.1 lists the federal disaster declarations since 1973. There are 26,702 
miles of streams with mapped floodplains in Kenosha County. Lake Michigan shoreline forms the eastern 
boundary of the county and the Pike and Root Rivers flow into Lake Michigan. The Fox River and the 
Des Plaines River uplands occupy the central part of the county and there are 20 lakes of 50 acres or more 
(SEWRPC, 2017) as shown in Figure 3.1.  Figure 3.2 shows the history of tornadoes in Kenosha County. 
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Figure 3.1. Streams and Lakes of Kenosha County, WI
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Table 3.1. Federal Disaster Declarations in Kenosha County 
Year 
Federal Disaster 
Number (DR) Incident Description 
1973 376 Severe Storms, Flooding 
1986 775 Severe Storms, Flooding 
1993 994 Flooding, Severe Storm, Tornadoes 
2000 1332 Severe Storms, Tornadoes and Flooding 
2000 3163 Severe Winter Storm 
2004 1526 Severe Storms and Flooding 
2008 3285 Snow Emergency 
2008 1768 Severe Storms, Tornadoes, and Flooding  
2011 1966 Severe Winter Storm and Snowstorm  
2013/2014 No Declaration  Flooding reported in Natural Hazards Mitigation Plan (NHMP) 
 
 
Figure 3.2. Kenosha County Tornado Tracks 1950-2016 
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Mitigation Plan Risk Assessment  
As part of the Countywide Hazard Mitigation Plan update (SEWRPC, 2017), both natural and other 
hazards are reviewed and ranked. The ranking is based upon the number of occurrences, the amount of 
damages, the numbers of fatalities and injuries reported since 1950, and the degree of importance 
assigned by the local planning team. Table 3.2, adapted from the 2017 NHMP, shows Kenosha County’s 
risk level for potential natural hazards based on their ranking procedure. Flooding and stormwater 
drainage are considered high risk in terms of occurrence and property damage. 
 
Table 3.2. Kenosha County Risk Level for Potential Natural Hazards 
 
Natural Hazard 
Risk of 
Occurrence 
(high, medium, 
or low) 
Damage to 
Property  
(high, moderate, 
or low) 
Threat to Life 
and Safety  
(high, medium,  
or low) 
Winter Storms Medium Low Medium 
Flooding and Stormwater 
Drainage Problems  High High Low 
Extreme Temperatures Medium Low High 
Thunderstorms, Hail, Lightning  High High High 
Tornadoes     Low High Medium 
Lake Michigan Coastal Erosion Low Medium Low 
Drought Medium Low Low 
Fog     Medium Low Low 
Fires Low High High 
 History of Natural Disasters and Community Response Period: 1894 -1989 
Flooding in Kenosha County from the Fox River was recorded as early as 1894. Major flooding has 
occurred in 1938, 1960, 1962, 1965, 1973, 1979, and 1986 (SEWRPC, 2001). Flooding in 1973 and then 
in 1986 led to federal disaster declarations. In 1977, the State of Wisconsin passed legislation requiring 
counties and communities to adopt floodplain zoning to “preserve floodplain areas and to prevent the 
location of new flood-damage-prone development in flood hazard areas” (Wis. Stat. §87.30, 2018). 
Nationwide the costs of disasters, with flooding the leading cause, had been rising since the beginning of 
the century. In response to the rising cost of flood damages, the NFIP was established in 1968. In 
Kenosha County, by 1989, the county covering all unincorporated areas and all communities had joined 
the NFIP, adopting floodplain management ordinances to steer new development away from floodplains 
and giving residents access to federal flood insurance. In 1989 there were 104 NFIP policies in place. 
Kenosha County is part of the SEWRPC, which was established in 1960 as the official area-wide 
planning agency for the southeastern region of the state. SEWRPC serves the seven counties of Kenosha, 
Milwaukee, Ozaukee, Racine, Walworth, Washington, and Waukesha. Between 1964 and 1983, 
SEWRPC developed comprehensive plans for the Pike, Root and Fox River watersheds (SEWRPC, 1966, 
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1969, 1970, 1983). These plans address flooding, development, and open-space preservation. Hydrologic 
and hydraulic models were prepared to investigate flooding. The plans, developed with the involvement 
of incorporated and unincorporated area representatives, provide the basis for addressing flood issues in 
later mitigation plans. The State of Wisconsin adopted a uniform, statewide building code in 1980. 
Building codes and floodplain management ordinances combined with the technical support from 
SEWRPC provided a solid basis for future mitigation actions and reduced natural hazard risk in Kenosha 
County. Kenosha County formed the Emergency Services Network (ESN) in 1986 to “coordinate 
services, share information, attract increased funding, and eliminate duplication and gaps in services for 
low income individuals and families” (ESN, 2018). ESN reaches out to assist with food and emergency 
shelter provisions.  
The following discussion centers on the Village of Salem, the Towns of Silver Lake and Wheatland, 
and the unincorporated areas of Kenosha County. The City of Kenosha is a major metropolitan area along 
the Lake Michigan coast. Excluding the City of Kenosha, the remainder of the county more closely 
resembles the study area of LaSalle County; many structures in Salem, Silver Lake, and Wheatland were 
identified as being in the floodplain of the Fox River (SEWRPC, 1970, 1973). This area was a focus of 
early mitigation planning and efforts to purchase and remove structures from the floodplain.   
 Study Period: 1990-1999 
Disaster Declarations and Funds  
Between 1990 and 1999, Kenosha County suffered only one disaster resulting in a federal declaration 
and that was for flooding. “During 1993, in the most severe flooding in recent history, over 100 dwellings 
in the Fox River floodplain were evacuated and the U.S. Coast Guard assisted local emergency response 
teams with the evacuation of residents” (SEWRPC, 2001). Silver Lake, Wheatland and the 
unincorporated areas of the county received $229,798 in Federal PA, with a local match of $57,449 (2017 
dollars).  
Community Action  
The Midwestern flooding in 1993 and the subsequent disaster declaration initiated a long-term effort 
to buy properties in Salem, Wheatland, and Silver Lake as well as other areas of the state where the 
structures had been damaged or were at risk of flood damages. The Wisconsin Interagency Disaster 
Recovery Group (IDRG) “a consortium of state and federal agencies whose primary objective was to 
identify and support local efforts to prevent or reduce damages [from flooding]” was formed after the 
1993 flood (WEMA, 2000). IDRG assists with floodproofing and acquisition projects, and this period saw 
the first implementation of Hazard Mitigation Grant Program (HMGP) funds for acquisition and 
demolition or floodproofing. Twenty residential properties were purchased and structures removed from 
the floodplain between 1993 and 1999. In 1990, Kenosha County adopted a plan to create a parcel-based, 
multi-purpose, multi-user land information system, building a base of data for planning purposes. The 
development of the Flood Mitigation Plan (SEWRPC, 2001) began in 1997.  
The Flood Insurance Reform Act of 1994 (Community Development and Regulatory Improvement 
Act of 1994 Title V, the National Flood Insurance Reform Act of 1994 signed on Sept. 23, 1994) requires 
federal agencies responsible for overseeing federally-regulated and insured lenders mandate the purchase 
of flood insurance for properties located within an area having special flood hazards for the term of the 
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loan. For example, mortgages sold on secondary markets to Fanny Mae or Freddy Mac or loans from the 
Veterans’ Administration would require the borrower to secure a flood insurance policy for any structure 
used as collateral for the loan. In 1990, 105 NFIP policies were in place in Kenosha County and 213 
policies were in place by 1999. 
 Study Period: 2000-2009 
Disaster Declarations and Funds 
Federal disasters were declared in: 2000 (DR1332) due to damages from severe storms, straight line 
winds, and flooding; 2004 (DR1526) due to severe storms, flooding and tornadoes; and in 2008 (DR1768) 
due to severe storms and flooding. Countywide FEMA PA received for categories C through G after these 
disaster declarations is listed in Table 3.3. The communities of Salem, Silver Lake, Wheatland and the 
unincorporated areas of the county received $41,484, $54,955 and $213,085, respectively, with the local 
match being 25% of the amount listed (2017 dollars). In these communities, SBA loans for homes during 
this period totaled only $242,798 and loans for business were $120,916.  
Community Action 
Significant funds were obtained from FEMA HMGP, FMA and PDM grants as well as funds from the 
CDBG Emergency Assistance Program. The grants awarded from FEMA HMGP, FMA and PDM 
programs totaled nearly $7 million. CDBG funding secured was over $2 million (2017 dollars).  Between 
2006 and 2009 the Wisconsin Department of Natural Resources (WI DNR) provided nearly $7 hundred 
thousand. Preparing successful grant applications requires significant commitment and time investment. 
After receiving the grants, it takes years to manage the legal and financial aspects of purchasing the 
structures. During this time period, 60 residential structures in Salem, Silver Lake, and Wheatland were 
acquired and demolished. Funds from the Emergency Assistance Program of CDBG were used to assist 
with relocation costs and provide some of the required match for the FEMA grants.  
Kenosha County communities continue to be part of the NFIP, retaining their active status since circa 
1980. No communities joined the FEMA CRS. In 2000, 213 NFIP policies were in place; by 2009, 269 
NFIP policies were in place. 
In 2000, Congress passed the Disaster Mitigation Act (DMA 2000). DMA 2000 established the 
requirement for communities to develop and adopt an NHMP to be eligible for federal mitigation funds 
under Section 104 of the DMA 2000 (42 USC5165). This act led communities to evaluate their natural 
hazard risk and develop plans for mitigation. A Flood Mitigation Plan for Kenosha County was adopted 
by the Kenosha County Board in 2001 (SEWRPC, 2001), which included unincorporated areas of the 
county in the Des Plaines, Fox and Pike River watersheds (excluding the City of Kenosha, and the 
Villages of Paddock Lake, Pleasant Prairie and Twin Lakes). The Flood Mitigation Plan drew from the 
plans and recommendations that had been developed and reported in the comprehensive watershed plans 
developed by SEWRPC (SEWRPC, 1969, 1970, 1983) as well as SEWRPC Planning Report No 44, A 
Comprehensive Plan for the Des Plaines River Watershed (SEWRPC, 2003), which was in production at 
the time and published in 2003.  In 2005, the Countywide Hazard Mitigation Plan was adopted, 
incorporating the Flood Mitigation Plan from 2001. The Countywide Hazard Mitigation Plan identifies a 
number of objectives to reduce flood damages, including: maintaining stringent zoning regulations that 
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prohibit the expansion of existing and the development of new residential and commercial structures in 
the 100-year floodplain; maintaining an inventory of structures at risk of flooding and disseminating the 
information.  
 
Table 3.3. PA Funds by Category in 2017 Dollars (75% Federal / 25% Local) in Kenosha County1 
Category 
Year 2000 2004 2008 Total by 
Category DR2 1332 1526 1768 
C - Roads and Bridges  $212,769 $269,685 $59,836 $542,291 
D - Water Control Facilities  $11,394 $32,630 $0 $44,024 
E - Public Buildings  $12,847 $0 $34,579 $47,425 
F - Public Utilities  $24,826 $90,932 $19,180 $134,939 
G - Recreational or Other  $85,345 $267,487 $159,484 $512,316 
Total by Disaster   $347,182 $660,734 $273,079 $1,280,995 
Federal 75%     $960,746 
Local 25%      $320,249 
Notes: 
 1) PA for all communities and unincorporated areas  
2) Category breakdown for the DR994 (1993), DR3163 (2001) and DR3285 (2008) not available 
 Study Period: 2010-2017 
Disaster Declarations and Funds 
There was only one federal disaster declaration (DR1966) in Kenosha County between 2010 and 2017. 
In 2011, a severe winter storm and snow storm qualified for PA only in Category B (Emergency Work). 
No PA funding was awarded for permanent work.  
Community Action 
During this period, an FMA grant was used to purchase another flood-prone residence in 2013. It is 
reported in the 2017 Kenosha County HMP Update (SEWRPC, 2017) that between the end of 2009 and 
2015 fifteen more residential structures were purchased, for a total of 106 residences in the Fox River 
watershed. There are 70 homes remaining that are eligible for participation in the buyout program.  
In 2010, 270 NFIP policies were in place; by 2016, there were 231 NFIP policies in place. Newly 
incorporated communities such as the Villages of Bristol and Paddock Lake, which had been covered as 
part of the unincorporated area of the county, joined the NFIP. Kenosha County joined the CRS in 2013. 
In 2013, Kenosha County adopted an Emergency Operations Plan that establishes policy for coordination 
of local government forces including law enforcement, fire, medical, health, and public works under the 
county’s emergency management organization. It establishes a plan for requesting assistance should a 
disaster occur that cannot be managed with local resources.  
The Kenosha County Hazard Mitigation Plan Update: 2017-2022 (SEWRPC, 2017) was published in 
2017, continuing full participation of all communities in the county. Planning goals identified in the plan 
include consideration of economic loss from hazards, transportation needs, coordination of first 
responders, biodiversity and wise use of natural resources. The Kenosha County Department of Planning 
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and Development, working with the SEWRPC, published “A Multi-Jurisdictional Comprehensive Plan 
for Kenosha County: 2035 (SEWRPC, 2010a) in 2010; and the county continues to work on objectives 
and updates to the plan (Fiebelkorn, 2016).  
Kenosha County continues to pursue a parcel-based, multi-purpose, multi-user geospatial land 
information system that provides the basis for planning efforts. A Comprehensive Plan for the Town of 
Salem: 2035 was published in March 2010 (SEWRPC, 2010b). Salem, Camp Lake, Silver Lake, Trevor 
and Wilmot merged in 2017 to form the Village of Salem Lakes with a population of approximately 
14,625 (Village of Salem Lakes, 2018). The Western Kenosha County Transit provides bus service 
connecting rural parts of the county (including Salem Lake) to the City of Kenosha and Lake Geneva and 
Antioch, IL.  Establishing a transportation system is a goal stated in the Kenosha County Hazard 
Mitigation Plan Update: 2011-2015 (SEWRPC, 2010c).   
 Summary for 1990-2017 
The timeline of disaster declarations and disaster funds for Kenosha County, Salem, Silver Lake, and 
Wheatland is illustrated in Figure 3.3. In the figure, each federal disaster declaration is labeled using the 
federal identifier, DR number. The federal disaster funds (including local match) are stacked to show total 
costs and color coded by type. Note very little funding was awarded from the PA program; most of the 
federal funds came from mitigation grant programs, which required considerable community planning 
and effort to prepare applications and execute the grants. Business and residential loans from the SBA are 
also included in Figure 3.3. Table 3.4 lists the mitigation funds expended to purchase structures. Figure 
3.4 shows that the number of NFIP polices increased up to 2011 but have been declining. This could in 
part be affected by the insured structures being acquired and demolished. The costs summarized in Table 
3.5 are only an indicator of the relative impact of the disaster and not the total costs. One way to put the 
cost into perspective is to examine the magnitude of the physical event causing the damage. The 
magnitude of flood events can be readily compared based on the peak stage, discharge and/or expected 
frequency of the event. Tornadoes are categorized by the Enhanced Fujita (EF) Scale (NOAA, 2017) 
based on damages observed. The relative magnitude of the severe weather events resulting in disaster 
declarations are discussed in the next section.  
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Figure 3.3. Timeline of Disaster and Mitigation Funds for Salem, Silver Lake, Wheatland and  
Kenosha County unincorporated areas 
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Table 3.4. Mitigation Grant Awards for Kenosha County Unincorporated Areas, Salem,  
Silver Lake, and Wheatland in 2017 Dollars 
Year  HMGP FMA PDM CDBG WI DNR Total by Year 
1994    $189,280   $189,280 
1998 $1,675,098     $1,675,098 
1999  $246,864    $246,864 
2000 $1,074,989     $1,074,989 
2001 $877,539 $74,293  $695,000  $1,646,832 
2002    $900,720  $900,720 
2003   $530,499   $530,499 
2004 $1,067,477   $327,500  $1,394,977 
2006    $132,980 $53,173 $186,153 
2007 $1,747,580     $1,747,580 
2008 $1,605,004     $1,605,004 
2009     $629,033 $629,033 
2013  $197,019    $197,019 
Grand Total      $12,024,049 
Total by Fund $8,047,688 $518,176 $530,499 $2,245,480 $682,206  
Federal 75% $6,035,766 $388,632 $397,874 $1,684,110 $0  
Local 25%  $2,011,922 $129,544 $132,625 $561,370 $682,206  
 
 
 
Figure 3.4. Timeline of NFIP Policies in Place 
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Table 3.5. Total PA for Kenosha County1, Salem, Silver Lake, and Wheatland 
Community 
Year 1993 2000 2001 2004 2008 2008 Total by 
Community DR 994 1332 3163 1526 1768 3285 
Kenosha County1  $219,212 $0 $0 $0 $165,331 $70,795 $455,338 
Salem2  $0 $33,711 $21,374 $45,870 $24,923 $22,964 $148,842 
Silver Lake  $7,538 $6,227 $3,542 $3,182 $17,984 $5,323 $43,795 
Wheatland  $3,048 $1,545 $6,958 $5,903 $4,847 $7,572 $29,873 
 
 
      Grand Total 
Total by Disaster  $229,798 $41,483 $31,874 $54,955 $213,085 $106,654 $677,848 
Federal 75%  $172,348 $31,112 $23,906 $41,216 $159,813 $79,991 $508,386 
Local 25%  $57,449 $10,371 $7,969 $13,739 $53,271 $26,664 $169,462 
Notes: 
1) Includes Kenosha County unincorporated areas, Highway Department, Sheriff, Division of Golf 
2) Includes Salem Utility District 
 
 Kenosha County Flood and Tornado Events  
During the study period from 1990 to present, flows of the Fox River have been recorded by USGS 
gaging stations at two locations. From September 2, 1965 to September 30, 1993, a gage was located 
about 300 feet upstream from a dam in Wilmot (USGS 05546500) with a drainage area of 868 square 
miles. The dam was removed in 1992 due to damage. A replacement gage near New Munster (USGS 
05545750) with a drainage area of 811 square miles was established, and Fox River stages have been 
recorded since approximately 1994 at the northern boundary of the county. The flow records for the gage 
at Wilmot were incorporated into the record for the New Munster gage, which is still operating.  
The plot of the annual series of peak stages reported for the Fox River at New Munster (USGS 
05545750) is shown in Figure 3.5 from 1982 to 2015. The peak of record is 17.47 feet recorded on July 
13, 2017. The 1993 flood event (resulting in federal disaster declaration DR994) was recorded at the gage 
located at Wilmot and it is not clear, given the dam removal, how these stages relate. The peak stages for 
subsequent flooding disaster declarations in 2000 (DR1332), 2004 (DR1526) and 2008 (DR1768) are also 
shown in Figure 3.5.  Table 3.6, obtained from NOAA’s National Weather Service website (NOAA, 
2018), lists the flood impacts expected at various stages recorded at the New Munster gage. At a stage of 
13.78 feet, floodwaters are beginning to enter some homes in Wheatland and the Village of Salem Lakes. 
Figure 3.6 plots discharge versus expected frequency of occurrence for the Fox River near New Munster.  
Inspection of Figure 3.6 shows that the 1993 discharge was lower than the expected discharge having a 
return interval of 100 years. The discharge calculated for the 2008 peak is approximately 6% higher than 
calculated for the 1993 peak.  
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Figure 3.5. Fox River at New Muster Annual Peak Gage Height (feet).                                               
Records Prior to 1995 recorded at Wilmot Gage. 
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Table 3.6. Expected Flood Impact at Various Fox River Stages, New Munster Gage 
Stage 
(feet) Impact 
17.45 
There is widespread flooding adjacent to the river in the Towns of Wheatland, Trevor and the 
Village of Salem Lakes. Floodwaters are into the lower levels of many homes in those 
areas...including along Shorewood Drive, Riverside Drive, 101st Street and Shorewood 
Terrace in the Village of Salem Lakes. Highway 50 is closed due to floodwaters over the 
highway. This level is the 2 percent chance flood meaning there is a 2 percent chance of the 
river reaching this level in any given year. 
16.43 
There is widespread flooding in the Town of Salem, Town of Trevor and Village of Salem 
Lakes. Many homes have floodwaters in their main levels. Many roads are closed including 
Shorewood Driver and Riverside Drive in the Village of Salem Lakes area. This level is the 4 
percent chance flood meaning that there is a 4 percent chance of the Fox River reaching this 
level in any given year. 
16 
Many county highways are closed or impassable. Highway 50 is closed. There is widespread 
flooding in the Towns of Wheatland, Trevor...and Village of Salem Lakes. Many homes have 
floodwaters in their main levels especially in Town of Wheatland along 77th St. 
15 
Highway 50 is closed due to floodwaters over the highway. There is widespread flooding in 
the Town of Wheatland and Village of Salem Lakes. Floodwaters are into the lower levels of 
some homes in those areas along Riverside Drive, Shorewood Drive, 101st Street and 
Shorewood Terrace. 
14.99 
There is widespread flooding of the lower levels of homes in the Town of Wheatland and 
Village of Salem Lakes areas along Riverside Drive, Shorewood Drive, 101st Street and 
Shorewood Terrace. Highway 50 is closed due to floodwaters over the highway. This level is 
the 10 percent chance flood meaning there is a 10 percent chance of the river reaching this 
level in any given year. 
14 
There is widespread flooding of the lower levels of homes in the Town of Wheatland and 
Village of Salem Lakes areas long Riverside Drive, Shorewood Drive, 101st Street and 
Shorewood Terrace. 
13.78 
Floodwaters are into the lower levels of some homes in the Town of Wheatland and Village of 
Salem Lakes areas along Riverside Drive and Shorewood Drive. This level is the 20 percent 
chance flood meaning there is a 20 percent chance of the river reaching this level in any given 
year. 
12.2 Water is up to the first-floor levels of some homes in the Town of Wheatland and Village of Salem Lakes area along Riverside Drive and Shorewood Drive. 
12.1 Water is up to the first-floor levels of some homes in the Town of Wheatland and Village of Salem Lakes area along Riverside Drive and Shorewood Drive. 
11.78 
Floodwaters surround a home at the intersection of Highway 50 and Highway W in the Town 
of Wheatland area. Water is about 8 inches deep over 77th Street in the Town of Wheatland 
area. Water is in the back yards of some homes in the Village of Salem Lakes area. This level 
is the 50 percent chance flood meaning there is a 50 percent chance in any given year of the 
river reaching this level. 
11.6 
Water surrounds a home near the intersection of Highway 50 and Highway W in the Town of 
Wheatland area. Water is in the back yards of some homes in the Village of Salem Lakes and 
Town of Wheatland areas. Floodwaters are about 6 inches deep over 77th Street in the Town 
of Wheatland area. 
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Stage 
(feet) Impact 
11.5 Water is in the yards of some homes in the Village of Salem Lakes and Town of Wheatland areas. There are 3-4 inches of water over 77th Street in the Town of Wheatland. 
11.4 There are about 2 inches of water over 77th Street in the Town of Wheatland area. Floodwaters are near some homes along Highway W in the Village of Salem Lakes area. 
11 Floodwaters begin to affect 77th St. in the Town of Wheatland. Floodwaters are near some homes along Highway W in the Village of Salem Lakes and Town of Wheatland areas. 
10.8 Floodwaters are near some homes along Highway W in the Village of Salem Lakes and Town of Wheatland areas. 
10 Floodwaters are near some homes along Highway W in the Village of Salem Lakes and Town of Wheatland areas.  
 
Severe winter weather has resulted in disaster declarations in 2008 and 2011. Typically, PA funds for 
recovery from a winter snow event falls into categories A and B, work that must be performed to reduce 
or eliminate an immediate threat to life, protect public health and safety, and to protect improved property 
that is significantly threatened due to disasters or emergencies.  
Kenosha County observed tornado tracks between 1990 and 2016 are shown in Figure 3.7. 
Information regarding the EF Scale for ranking tornadoes based on observed damages is provided in 
Table 3.7. The 2008 tornado was ranked as an EF3 with winds between 136 and 165 miles per hour 
capable of severe damage. 
 
Table 3.7. Operational EF Scale for Ranking Tornadoes Based on Observed Damages (NOAA, 2017) 
EF 
Number 
3 Second 
Gust (mph) Typical Observed Damage for Classification 
0 65-85 Light Damage: Some damage to chimneys; branches broken off trees; shallow-rooted trees pushed over; signboards damaged. 
1 86-110 Moderate Damage: Peels surface off roofs; mobile homes pushed off foundations or overturned; moving autos blown off roads.  
2 111-135 
Considerable Damage: Roofs torn off frame houses; mobile homes demolished; 
boxcars overturned; large trees snapped or uprooted; light object missiles 
generated; cars lifted off ground 
3 136-165 
Severe Damage: Roofs and some walls torn off well-constructed houses; trains 
overturned; most trees in forest uprooted; heavy cars lifted off the ground and 
thrown. 
4 166-200 Devastating Damage: Well-constructed houses leveled; structures with weak foundations blown away some distance; cars thrown and large missiles generated.  
5 Over 200 
Incredible Damage: Strong frame houses leveled off foundations and swept away; 
automobile-sized missiles fly through the air in excess of 109 yards; trees 
debarked.  
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Figure 3.7. Tornadoes in Kenosha County During the Study Period 
(http://mrcc.isws.illinois.edu/gismaps/cntytorn.htm#) 
 Demographic and Economic Data 
During most of the study period, the population of Kenosha County increased at a higher percent than the 
State of Wisconsin, increasing approximately 16.7% between 1990 and 2000 compared to the state 
average of 9.6% and at a rate of approximately 11.2% from 2000 to 2010 compared to the state overall 
increase of 6%. The 2016 population estimate is 168,183, which is 1.1% higher than 2010 compared to 
the estimated increase of 1.6% statewide. Table 3.8 lists the population, housing capital, employment 
percent and other snapshots of the county demographics and economic indicators for 1990, 2000, 2010 
and 2016. Kenosha County median income in 2016 is estimated at $58,671 (2017 dollars), which is about 
the same as the State of Wisconsin median income in 2015 of $58,370 (2017 dollars). While median 
household income has declined since 2010, the poverty rate has increased. The Gini index listed in Table 
3.8 is a measure of income equality, ranging from 0 to 1, with lower values denoting a more equal 
distribution of income. A value of 0 would indicate purely equal distribution of income, with all making 
the same amount. It has been decreasing in Kenosha County. The Gini index for the State of Wisconsin 
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was 0.430 in 2010 with Kenosha County having a higher Gini index of 0.436 estimated for that year. The 
median household income in Kenosha County and for the State of Wisconsin is plotted from 1990 to 2015 
in Figure 3.8. Kenosha County median income has been fairly constant during the study period and 
slightly higher than the statewide median income in most years. The recession periods shown in Figure 
3.8 are based on the definition of recession used by the National Bureau of Economic Research (2018). 
The data are for the entire county, and thus include the City of Kenosha.  
 
Table 3.8. Kenosha Countywide Population and Economic Indicators 
Category 
Year 
1990 2000 2010 20161 
Population 128,181 149,577 166,426 168,183 
Housing Capital (% owner occupied) 63.1% 69.1% 68.0% 65.6% 
Employment  
(% of total population employed) 
48.4% 52.1% 45.6% 66.9% 
Gini Index 0.381 0.391 0.436 Not available 
Median Household Income  
(converted to 2017 dollars) 
$58,6682 $68,963 $58,271 $57,769 
Poverty Rate (% of total population) 8.7% 8.2% 12.9% 13.0% 
Total Housing Units 51,262 59,989 67,129 69,880 
1) https://www.census.gov/quickfacts/fact/table/kenoshacountywisconsin/HCN010212#viewtop 
2) 1989 value 
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Losses Avoided 
Buying residences and other structures that have flooded unburdens the owners, the community, and 
the NFIP. The buyout program eligibility is based on a cost-benefit ratio calculation using the probability 
of future flooding and resulting expected damages. In the long run, it is less costly to purchase the 
damaged home than to repeatedly pay to repair flood damages. After purchase and removal, the actual 
flood damage losses avoided can be calculated by considering the cumulative damages that would likely 
have resulted were the structure still in place during subsequent flood events. A simplistic, but widely 
accepted approach considers the expected cost to repair damage to the structure each time it would likely 
have been damaged by floodwaters. The distribution of the cost to the owner and the NFIP would depend 
on the level of insured value. There are other costs avoided by removing a structure from a flood hazard 
area including, but not limited to, displacement/loss of use, debris removal, service utility repair, and 
emergency action. However, some of these considerations are significant only if several structures in a 
contiguous area are removed.  
A loss avoidance study was prepared for Wisconsin funded by the FEMA (FEMA, 2009). The ROI is 
determined by comparing the losses avoided to the project costs. The study considered 92 repetitive loss 
structures that had been purchased with mitigation funds in Kenosha, Jefferson, and Crawford Counties. 
Seventy-three residential building acquisitions in Kenosha County were part of the study. The flood depth 
for each event considered was estimated at each building location; the estimated flood damages had 
structures been in place was determined using the FEMA Benefit-Cost Analysis (BCA) Version 4 
software (FEMA, 2008).  The analyses for the residential structures included content damage and a loss of 
use based estimate values available in the software. No emergency management costs were included. 
In Kenosha County, the acquired structures considered are those purchased in Salem Lakes, Silver 
Lake, and Wheatland between November 1989 and June 2008. Discharge and peak stage recorded at the 
USGS gage near New Munster as well as data recorded downstream combined with hydraulic modeling 
were used to assess the extent of flood inundation depths and subsequent damages had the structures still 
been in place. The loss avoidance study (FEMA, 2009) considered events between 1995, the earliest 
demolition completion date in Kenosha, and 2009.  During this period, there were three disaster 
declarations due to flooding; however, there were fourteen events identified as having the potential to 
cause flood damage to the acquired structures. “The total losses avoided for the 73 residential structures 
along the Fox River in Kenosha County were $8,275,864 (2009 dollars) with an ROI of 102%” (FEMA, 
2009). Tabular data by structure locations is provided in the report showing potential costs (thus savings) 
for each event considered in the analyses. 
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Figure 3.9.  Loss Avoidance Study, 2008 Event (FEMA, 2009)
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Figure 3.10. Floodwaters damaged this home five times in ten years and the owner took the 
opportunity to participate in the buyout program.”  From “Fighting Floods, Saving Property, Protecting 
Lives,” Wisconsin Division of Emergency Management, State Hazard Mitigation Office 
 
Figure 3.11. The house was removed and the ground seeded with grass on this newly acquired 
property. Floods will not be an issue here in the future. Photo: Barbara Ellis, FEMA 
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Community Resilience Metric, Kenosha County  
A community resilience metric was computed for Kenosha County for the years 1990, 2000, and 2010. 
The metric is based on the DROP model (Cutter et al. 2008, 2010, 2014, 2016). Five categories of 
community resilience are identified in the model: social, economic, institutional, infrastructure, and 
community capital. The DROP model is based on readily available data in the public sector, drawing 
primarily from U.S. census data. The strengths of using readily available data include comparability 
across geographies and across time and relatively low cost to compile the information. The weakness of 
this approach is there are many facets of community resilience that cannot be captured, such as water and 
power supply vulnerability, emergency evacuation planning, the breadth of citizen disaster preparedness 
and training, and actual short-term housing capacity. 
Table 3.9 lists the variables and the calculated values for Kenosha County for each of the three years. 
Variables used to compute the resilience metric are listed in the first column under the six categories. The 
first column describes the variable. Values are typically a percentage and the formula is written so that 
values are positive and increasing numbers imply improvement. Thus, rather than using the percent of the 
population in poverty, where an increasing number is actually a negative impact, the variable is the 
percent of population not in poverty.  
Each variable has equal weight in the calculation of the metric, one measure is not given more 
importance than another. Therefore, the variables had to be normalized; this was accomplished by scaling 
each variable between 0 and 1. As this is a comparison for a single community over time, the sample size 
for each variable consists of the three measurement years (1990, 2000, and 2010). Zero was assigned to 
the lowest value calculated for the variable, 1 was assigned to the highest value, and the mid-value was 
linearly scaled. The scores for the variables are summed to calculate the metric for each category. The 
five category values are then averaged to calculate the overall resilience metric. Having only three 
observations of each variable diminishes confidence in the magnitude of the normalized values, making 
the year-to-year comparisons more qualitative than quantitative. The calculated metric for each category 
in each year provided in Table 3.9 illustrates how community resilience has changed over time.  
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Table 3.9. Kenosha County DROP Model Variables and Calculated Values 
Year 1990 2000 2010 
Social Resilience       
Education equity (% population with college education /  
% population with less than high school education) 3.02 5.06 6.81 
Age (% population under 65 years old) 87.4% 88.5% 88.8% 
Transportation (% population with a vehicle) 92.2% 93.2% 100.0% 
Communication (% population with a telephone) 96.4% 97.9% 100.0% 
Language (% population speaking English) 99.1% 99.6% 98.3% 
Special Needs (% population without special needs) 100.0% 86.2% 91.2% 
Health Insurance Coverage (% population with health insurance) 85.0% 89.5% 92.9% 
Heath Access (number physicians per 10K persons) 45.79 73.21 83.16 
Economic Resilience       
Housing Capital (% owner occupied) 63.1% 69.1% 68.0% 
Employment (% of total population employed) 48.4% 52.1% 45.6% 
Income and Equality (1- Gini coefficient) 0.619 0.609 0.564 
Employment (% females employed) 53.4% 62.6% 67.2% 
Business Size Ratio of large to small 0.020 0.027 0.025 
Large Retail Distribution (number stores per 10K persons) 59.45 37.84 30.22 
Non-poverty (% population above poverty level) 91.3% 91.8% 87.1% 
Non-dependence on Primary/Tourism Sectors  
(% population not employed in 3 biggest industries) 21.7% 17.8% 16.7% 
Federal Employment (% population) 1.05% 0.91% 0.84% 
Institutional Resilience       
Mitigation (% population covered by HMP) 0 15.7% 100% 
Flood Coverage (number of policies in place) 105 213 270 
Municipal Services (% of budget on police, fire, EMS) 8.7% 7.7% 20.4% 
Mitigation (% population in CRS communities) 0 0 0 
Previous Disaster Experience (disaster declarations in prior 10 years) 1 3 3 
Mitigation and Social Connectivity 0 0 1 
Infrastructure Resilience       
Housing Type (% housing units not mobile homes) 100.0% 96.6% 97.0% 
Shelter Capacity (% vacant units) 8.3% 6.6% 9.6% 
Housing Age (% housing units built before 1950 and after 1979) 49.4% 57.4% 62.5% 
Sheltering Needs (number hotels/10K population) 0.94 0.80 0.84 
Community Capital       
Place Attachment (% population originally from USA) 95.7% 95.2% 93.8% 
Percent of population born in the state of residence  61.1% 55.2% 50.4% 
Political Engagement (number votes/population over 18) 0.557 0.584 0.637 
Social Capital (number religious participants/10K population) 4,988 4,819 3,725 
Social Capital (civic organization/10K) 1.01 0.87 1.56 
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Discussion 
Table 3.9 and Figure 3.12 show that in Kenosha County the resilience metric is increasing with time. 
The individual categories show various trends:  social resilience has steadily increased, economic 
resilience was highest in 2000 and lowest in 2010, institutional resilience has increased, infrastructure 
resilience has vacillated, community capital held steady for two decades but slightly less than in 1990. 
The information provided in Table 3.9 can be explored for trends in the variables such as: the 
population with college experience compared to those with less than a high school education is 
increasing; the percent of the population above the poverty level in the county is decreasing (the % of the 
population in poverty is increasing); the Gini coefficient has increased showing a decline in income 
distribution. 
The scaling of the variables between 0 and 1 resulted in some exaggerations of slight changes in 
variable. Sheltering availability, expressed as the number of hotels per 10,000 (10K) population, is a 
variable under Infrastructure Resilience that provides an example as illustrated in Table 3.10. Based on 
the records available, the number of hotels remained the same from 1990 to 2000; the population 
increased so the value of the ratio decreased. Although two additional hotels were established by 2010, 
the increase in population resulted in a value lower than the 1990 value. The reporting for hotels has 
changed, and it should be noted that the number of rooms is not available. Yet, the scaled value would 
indicate a significant decline. A much larger sample of longitudinal data for communities would help 
provide a resolution for this shortcoming as would a closer examination of how the number of rooms 
available could be captured going forward. The metric will be a relative measure in time or between 
places unless an optimum value could be determined.  
 
Table 3.10. Infrastructure Resilience Variable Exaggerated Impact Due to Scaling 
 1990 2000 2010 
Number of hotels 12 12 14 
Number of hotels per 10K population 0.94 0.80 0.84 
Scaled value for metric  1 0 0.29 
1990 2000 2010
Community Capital
Infrastructure Resilience
Institutional Resilience
Economic Resilience
Social Resilience
Figure 3.12. Community Resilience Metric 
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Examination of each category and the variables within the category provides greater insight to 
changes.  
Social Resilience 
Gains in social resilience include education equity and health insurance coverage, as well as more 
access to physicians. Increasing numbers of non-English speaking residents and those with special needs 
points to an increasing need to ensure these populations are considered in emergency planning.  
Economic Resilience 
Economic resilience scored highest in 2000. In 2000, there was a higher percent of owner-occupied 
housing and higher employment as well as a smaller percent of the population below the poverty rate and 
more people employed by the federal government. A decline is not surprising given the long and 
significant recession in the U.S. between 2007 and 2009.  
Institutional Resilience 
The institutional resilience sub-index has been steadily gaining.  By 2010, 100% of the population 
were covered by a Hazard Mitigation Plan, and there were more NFIP flood policies in place (although 
post 2010 the number of policies declined). Municipal spending on police, fire and emergency medical 
services increased substantially between 2000 and 2010. It should be noted that prior to 2013 there were 
no communities in CRS and no participants in the Storm Ready program; in the calculation this has no net 
impact. However, the support from the multi-county SEWRPC and the State of Wisconsin mitigation 
team has provided expertise to support the structure acquisitions, which may in part explain lower 
damages incurred and possibly fewer disaster declarations. In this version of the DROP model, disaster 
experience is expressed based on the number of disaster declarations in the preceding decade. The 
variable formulation shows lower values with declining numbers of disaster declarations. In a longitudinal 
study, some consideration should be given to using an alternate variable to capture disaster experience.  
Infrastructure Resilience 
Increases in sheltering capacity (measured by vacant properties) and more permanent housing stock 
built to higher standards contribute to infrastructure resilience. The increasing percent of the population 
living in mobile homes has a negative impact on resilience. A discussion of the sheltering needs 
expressed in terms of number of hotels is discussed earlier in this section. Missing from the assessment of 
this category are important factors that either have not changed or could not be confidently computed for 
each year: the number of hospital beds, evacuation potential and the number of schools. Contemporary 
data is available for hospitals and schools, but like information could not be confidently determined for 
1990 and 2000. The absence of these data should not be carried forward if additional assessments are 
done. The expansion of public transportation to the western part of the county is not captured by the 
metrics.  
Community Capital  
The variables used to characterize community capital are somewhat difficult to interpret as small 
variations in percentage are magnified by the scaling used. The percent of population originally from the 
U.S. and those born in the state of residence are part of the model to represent place attachment; the 
changes are small but indicate a decline in resilience. The only clear decline is in the number of persons 
reporting a religious affiliation, which is somewhat offset by the increase in number of civic organizations 
in 2010. 
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Summary and Conclusions 
Kenosha County has experienced multiple natural disasters over time, primarily severe storms and 
flooding, as has much of the State of Wisconsin. The State of Wisconsin has been a leader in adopting 
practices that advance resilience, such as statewide floodplain ordinances with higher standards than the 
federal minimum standards and statewide building codes. The formation of SEWRPC has provided 
essential technical support, the basis for mitigation plans. Kenosha County and the communities within 
the county have taken actions to reduce the risk of natural disasters. Actively pursuing mitigation grant 
funding and execution of multiple property acquisition projects requires a significant investment of time 
and energy. The return on investment of federal, state, and local funds to remove structures from the 
floodplain clearly demonstrates the benefit of these actions to reduce federal disaster costs and individual 
hardship. There are savings for the community as well with reduced emergency services although the 
actual savings are not computed for this study. These successes indicate a high level of risk awareness, 
willingness to learn and pursue mitigation opportunities, and potentially reflect a high level of trust in the 
community leaders.  
The DROP model variables and the computation of the BRIC show increasing resilience for Kenosha 
County from 1990 to 2010. During this period, a number of national-level policies became active such as 
the Flood Insurance Reform Act of 1994 and the Disaster Mitigation Act of 2000. These national policies 
prompted actions such as joining the NFIP to ensure that federally backed (low cost) flood insurance was 
available to meet mandatory flood insurance purchase requirements. States and communities developed 
and adopted Natural Hazard Mitigation Plans to retain eligibility for mitigation grants. During this period, 
local expenditures increased for police, fire and emergency services in Kenosha County. These actions are 
reflected in the DROP model variables for Institutional Resilience. In the category of Infrastructure 
Resilience, data for all the indicator variables was not available in all years, which limits observation 
about this category. The DROP model categories of social resilience, economic resilience, and 
community capital track changes that are a reflection of the people and businesses within the county. 
Awareness of changes in these characteristics can inform local leaders of strengths or potential weakness, 
some of which might be bolstered or mitigated by community action. 
Page | 75  
 
References 
Ayyub, B. M., 2014. “Systems Resilience for Multihazard Environments: Definition, Metrics, and 
Valuation for Decision Making,” Risk Analysis, (34) 2, 340-355.   
Bhoite, Sachin et al. 2014. “City Resilience Index.” 
Community and Regional Resilience Institute (CARRI), 2013. Definitions of Community Resilience: An 
Analysis. http://www.resilientus.org/wp-content/uploads/2013/08/definitions-of-community-
resilience.pdf. Accessed Sep 20, 2017.  
Cutter, Susan L. 2016. “The Landscape of Disaster Resilience Indicators in the USA.” Natural Hazards 
80(2): 741–58. 
Cutter, Susan L., Lindsey Barnes, Melissa Berry, Christopher Burton, Elijah Evans, Eric Tate, and 
Jennifer Webb. 2008. “A Place-Based Model for Understanding Community Resilience to 
Natural Disasters.” Global Environmental Change 18 (4):598–606. 
https://www.sciencedirect.com/science/article/pii/S0959378008000666?via%3Dihub. 
Cutter, Susan L., Christopher G. Burton, and Christopher T. Emrich. 2010. “Disaster Resilience 
Indicators for Benchmarking Baseline Conditions.” Journal of Homeland Security and 
Emergency Management 7 (1). 
http://resiliencesystem.com/sites/default/files/Cutter_jhsem.2010.7.1.1732.pdf. 
Cutter, Susan L., Kevin D. Ash, and Christopher T. Emrich, 2014. “The Geographies of Community 
Disaster Resilience.” Global Environmental Change 29:65–77. 
_____, 2016. “Urban–Rural Differences in Disaster Resilience.” Annals of the American Association of 
Geographers 106 (6):1236–52. 
https://www.tandfonline.com/doi/full/10.1080/24694452.2016.1194740?src=recsys. 
Disaster Mitigation Act (DMA), 2000. Public Law 114 STAT. 1552 PUBLIC LAW 106–390—OCT. 30, 
2000. https://www.fema.gov/media-library-data/20130726-1524-20490-1790/dma2000.pdf. 
Emergency Services Network (ESN) of Kenosha County. http://www.esnkenosha.org/about.aspx. 
Accessed February 21, 2018. 
Federal Emergency Management Agency (FEMA), 2008. Benefit-Cost Analysis Software, Version 4. 
(FEMA released BCA Toolkit Version 5.3.0 on Jan. 10, 2017 replacing previous versions)  
https://www.fema.gov/benefit-cost-analysis. 
_____, 2009.  Loss Avoidance Study, Wisconsin Property Acquisition and Structure Demolitions. U.S. 
Department of Homeland Security, Washington, DC.   
_____, 2014. Flood Insurance Study: La Salle County, Illinois and Incorporated Areas. Washington, D.C. 
Page | 76  
 
_____, 2017a.  Robert T. Stafford Disaster Relief and Emergency Assistance Act, as amended, and 
Related Authorities as of August 2016   https://www.fema.gov/media-library/assets/ 
documents/15271?id=3564.  Accessed Dec 27, 2017. 
_____, 2017b.  National Flood Insurance Program, https://www.fema.gov/national-flood-insurance-
program-laws-regulations. Accessed Dec 27, 2017.  
_____, 2017c. Hazard Mitigation Grant Program.   https://www.fema.gov/hazard-mitigation-grant-
program. Accessed Dec 27, 2017. 
_____, 2017d.  Pre-Disaster Mitigation Grant Program. https://www.fema.gov/pre-disaster-mitigation-
grant-program. Accessed Dec 27, 2017. 
_____, 2017e. Flood Mitigation Assistance Grant Program. https://www.fema.gov/flood-mitigation-
assistance-grant-program. Access Dec 27, 2017. 
_____, 2017f. Hazus. https://www.fema.gov/hazus. Accessed Sep 26, 2017 and Jan 1, 2018.  
Fiebelkorn, Ben, 2016. A Multi-Jurisdictional Comprehensive Plan for Kenosha County: 2035. 2016 
Annual Report, Kenosha County Department of Planning and Development.  
Hosseini, Seyedmohsen, Kash Barker, and Jose E. Ramirez-Marquez, 2016. “A Review of Definitions 
and Measures of System Resilience.” Reliability Engineering and System Safety 145: 47–61. 
Illinois Department of Natural Resources (IDNR), 2015. Report for the Urban Flooding Awareness Act. 
Report: https://www.dnr.illinois.gov/WaterResources/Documents/Final_UFAA_Report.pdf 
Appendix: https://www.dnr.illinois.gov/WaterResources/Documents/Final_UFAA_ 
Appendices.pdf 
Illinois Department of Public Health (IDPH). Illinois Population from the Decennial Censuses, by 
County, 1980, 1990, 2000 and 2010. http://www.idph.state.il.us/health/census1980_2010.htm. 
Accessed 2017. 
Illinois Public Works Mutual Aid Network (IPWMAN). IPWMAN Mission Statement. 
https://www.ipwman.org/. Accessed 2017. 
Kenosha County, 2018.  “Sustainable Kenosha County/What Kenosha County is Doing.”  
http://www.co.kenosha.wi.us/1788/What-Kenosha-County-is-Doing.  Accessed January 21, 2018. 
Mutual Aid Box Alarm System (MABAS), 2016. About MABAS. http://www.mabas-il.org/Pages/About-
MABAS.aspx. 
National Academies of Sciences, Engineering, and Medicine, 2017. Measures of Community Resilience 
for Local Decision Makers: Proceedings of a Workshop. Washington, DC: The National 
Academies Press. DOI: 10.17226/21911.  
National Bureau of Economic Research, 2018. US Business Cycle Expansions and Contractions. 
http://www.nber.org/cycles/cyclesmain.html. Accessed April 26, 2018.  
Page | 77  
 
National Oceanic and Atmospheric Administration (NOAA), 2017. “Operational EF Scale for Ranking 
Tornadoes Based on Observed Damages.” http://www.spc.noaa.gov/efscale/ef-scale.html. 
National Oceanic and Atmospheric Administration, National Weather Service, 2018. “Advanced 
Hydrologic Prediction Service: Fox River Near New Munster.” http://water.weather.gov/ahps2/ 
hydrograph.php?wfo=mkx&gage= NMSW3. 
Norris, Francis H., Susan P. Stevens, Betty Pfefferbaum, Karen F. Wyche, Rose L. Pfefferbaum, 2008.  
“Community Resilience as a Metaphor, Theory, Set of Capacities, and Strategy for Disaster 
Readiness.” American Journal Community Psychology. 41:127-150. DOI: 10.1007/s10464-007-
9156-6. 
Norris, Francis H., Kathleen Sherrieb, and Betty Pfefferbaum, 2011. “Community Resilience: Concepts, 
Assessment, and Implications for Intervention.” In Resilience and Mental Health: Challenges 
Across the Lifespan, edited by Steven M. Southwick, Brett T. Litz, Dennis Charney, and Matthew 
J. Friedman, Section 3, Chapter 11. Cambridge: Cambridge University Press. 
DOI:10.1017/CBO9780511994791.013. 
North Central Illinois Council of Governments (NCICG), 2015.  2015 Bureau, LaSalle, Marshall, 
Putnam, and Stark Counties Natural Hazards Mitigation Plan. Ottawa, Illinois. 
Rezin, Sue, Illinois State Senator, 2018.  Illinois Valley Flood Resiliency Alliance (IVFRA). 
http://www.senatorrezin.com/il-valley-flood-resiliency-alliance. 
Rose, Adam and Elisabeth Krausmann, 2013. “An Economic Framework for the Development of a 
Resilience Index for Business Recovery.” International Journal of Disaster Risk Reduction. 5: 
73–83. https://doi.org/10.1016/j.ijdrr.2013.08.003. 
R.S. Means Co., Inc., 2014. Square Foot Costs. Accessed through FEMA Hazus 4.0, 2017. 
Sherrieb, Kathleen, Francis H. Norris, and Sandro Galea, 2010.  “Measuring Capacities for Community 
Resilience.” In Social Indicators Research 99 (2): 227-247. https://doi.org/10.1007/s11205-010-
9576-9. 
Southeastern Wisconsin Regional Planning Commission (SEWRPC), 1966. A Comprehensive Plan for 
the Root River Watershed. Planning Report No. 9.  
_____, 1969. A Comprehensive Plan for the Fox River Watershed, Volume One: Inventory Findings and 
Forecasts. Planning Report No. 12.  
_____, 1970. A Comprehensive Plan for the Fox River Watershed, Volume Two: Alternative Plans and 
Recommended Plan. Planning Report No. 12. Amendment, 1973. 
_____, 1983. A Comprehensive Plan for the Pike River Watershed. Planning Report No. 35. Amendment-
City of Kenosha/Town of Somers, 1987; Amendment-Town of Mt. Pleasant, 1987; Amendment-
Kenosha and Racine Counties, 1996. 
_____, 2001. A Flood Mitigation Plan for Kenosha County, Wisconsin. Community Assistance Planning 
Report No. 269. 
Page | 78  
 
_____, 2003. A Comprehensive Plan for the Des Plaines Watershed. Planning Report No. 44., Part 3, 
Chapters 1-10. 
_____, 2010a. A Multi-Jurisdictional Comprehensive plan for Kenosha County: 2035. Community 
Assistance Planning Report No. 299.   
_____, 2010b. A Comprehensive Plan for the Town of Salem: 2035. Community Assistance Planning 
Report No. 306. 
_____, 2010c. Kenosha County Hazard Mitigation Plan Update: 2011-2015. Community Assistance 
Planning Report No. 278, 2nd edition. 
_____, 2017. Kenosha County Hazard Mitigation Plan Update: 2017-2022. Community Assistance 
Planning Report No. 278, 3rd edition. 
U.S. Department of Agriculture (USDA), Economic Research Service, 2013.  2013 Rural-Urban 
Continuum Codes.  https://www.ers.usda.gov/data-products/rural-urban-continuum-codes/. 
U.S. Department of Labor (DOL), Bureau of Labor Statistics, 2017. Consumer Price Index. 
https://www.bls.gov/cpi/. 
______, 2018. CPI Inflation Calculator.  https://www.bls.gov/data/inflation_calculator.htm. Accessed 
January 10, 2018.   
Village of Salem Lakes, WI. “About Our Community.” http://www.villageofsalemlakes.org/. Accessed 
February 21, 2018. 
Wisconsin Emergency Management Agency (WEMA). 2000. State of Wisconsin Natural Disasters 
Report 2000.   
Wisconsin Statutes (2015-2016) Updated through 2017 Wis. Act 136. 2018. Published and certified under 
s. 35.18. chap. 87, §87.30.  
 
 
